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ABSTRACT
Laboratory and greenhouse studies were conducted to determine if  reported red 
momingglory ('Ipomoea coccinea L.) control failures with atrazine in sugarcane are due 
to triazine-resistant mutants. Terminal fluorescence o f leaf material from locations with 
and without a history o f atrazine use increased after treatment with atrazine, indicating 
electron transport inhibition and hence, triazine susceptibility. Postemergence (POST) 
application o f atrazine controlled plants from all populations at least 99%, supporting 
findings o f the fluorescence assay.
A field study was conducted to evaluate red momingglory control and sugarcane 
injury with herbicides applied at layby. At 45 days after treatment (DAT), control with 
sulfentrazone was maximized (87 to 100%) at 0.14 kg ai/ha in three of four 
experiments. To achieve the same level o f control as for sulfentrazone, 0.42 and 0.84 
kg ai/ha azafeniden was needed in 1997 and in 1998, respectively. Currently registered 
herbicides atrazine, diuron, metribuzin, and terbacil controlled red momingglory no 
more than 83% 45 DAT in three of four experiments. Sugarcane injury 21 DAT was 7 
to 18% for sulfentrazone at 0.14 kg/ha and 15 to 31% for azafeniden at 0.42 kg/ha.
None o f the herbicide treatments evaluated reduced sugarcane stalk height or population 
in September.
Response o f the sugarcane varieties ‘LCP 85-384’, ‘HoCP 85-845’, and ‘LCP 
82-089’ to multiple applications of azafeniden was evaluated in plant cane and first 
ratoon crops. Comparisons were made to a standard program consisting o f atrazine plus 
pendimethalin preemergence (PRE) after-planting, POST application of diuron plus 
pendimethalin in spring, and atrazine plus pendimethalin semi-directed at layby. Crop
v
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injury was negligible for all herbicide treatments applied after-planting. Azafeniden 
injured sugarcane 30 to 33% when applied POST in spring (0.56 kg/ha), and recovery 
from injury was delayed for HoCP 85-845 when it was taller and had more foliage per 
plant at application compared with the other varieties. Injury from azafeniden 
following layby application (0.42 kg/ha) ranged from 9 to 19%. Multiple applications 
o f azafeniden during plant cane and first ratoon years did not reduce stalk height, 
population, sugarcane yield, or sugar yield for any o f the varieties when compared with 
the standard herbicide program.
vi
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CHAPTER 1 
LITERATURE REVIEW
Momingglories are ranked as one of the top three most troublesome weeds in 
crops of the southern United States (Webster and Coble 1997). Prior to 1975, the 
momingglory species were grouped with respect to weed control as annual 
momingglories, ignoring any interspecific differences in growth habit or control 
(Mathis and Oliver 1980). Subsequent studies documented differences among 
momingglory species in germination and herbicide sensitivity (Abbas and Boyette 
1996; Gomes et al. 1978; Mathis and Oliver 1980; McClelland et al. 1978; Risley and 
Oliver 1992; Sunderland and Coble 1994). Momingglory species found in the 
sugarcane (Saccharum interspecific hybrids) growing areas o f Louisiana include red 
momingglory (Ipomoea coccinea L.), ivyleaf momingglory [Ipomoea hederacea (L.) 
Jacq.], entireleaf momingglory (Ipomoea hederacea var. integriuscula Gray), 
smallflower momingglory [Jacquemontia tamnifolia (L.) Griseb.], and cypressvine 
momingglory (Ipomoea quamoclit L.). Of these species, red momingglory is one o f the 
more common and problematic.
Red momingglory, as well as other species o f momingglory, germinate over a 
wide range of temperatures (Cole and Coats 1973; Egley 1990; Gomes et al. 1978; 
Hardcastle 1978; Wilson and Cole 1958). In sugarcane, momingglory emergence is 
most prevalent after the final cultivation and preemergence herbicide application 
(layby), generally performed in May or June. Hardcastle (1978) reported that 
germination o f red momingglory seed in the laboratory was favored by 144 h o f 20 to
1
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30 C soil temperatures. These conditions in Louisiana generally correspond to the time 
of the layby herbicide applications in sugarcane.
Momingglories compete with sugarcane by climbing and wrapping stalks, 
resulting in reductions in miliable stalks/ha (Millhollon 1988; Thakar and Singh 1954). 
Millhollon (1988) observed a 24 to 28% reduction in sugar/ha from direct season long 
competition with red momingglories. Ivyleaf momingglory infestations resulted in 
similar reductions of sugar yield in India (Thakar and Singh 1954). More important 
than direct competition is the reduction in harvest efficiency caused by momingglories. 
Momingglory vines climb and wrap sugarcane, pulling the stalks into the row middles. 
Vines also can become entangled in the mechanical harvester, requiring continuous 
manual removal and harvest delays. These negative effects of momingglory are 
exhibited whether sugarcane is harvested with a whole stalk harvester or a combine 
harvester. Prior to 1998, sugarcane was harvested as whole stalks. In 2000, however, it 
is estimated that 80% of the sugarcane hectarage in Louisiana was harvested with 
combines (C. Richard, personal communication). These machines cut sugarcane into 
smaller segments which are loaded directly into a transport wagon. It has been reported 
by growers that momingglories are more troublesome where sugarcane is harvested 
with the combine than with the traditional whole stalk harvesters. Regardless o f the 
harvesting system used, momingglories can reduce tonnage o f cane delivered to the mill 
for processing.
Since its introduction, atrazine {6-chloro-V-ethyl-V-(1 -methylethy 1)-1,3,5- 
triazine-2,4-diamine}, has become an integral component of weed control programs in
2
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Louisiana sugarcane (Rogers et al. 1996). Atrazine 1 has activity on a broad spectrum o f  
weeds both preemergence and postemergence, but is primarily used in sugarcane for 
preemergence control o f broadleaf weeds, including red momingglory (Anonymous 
2000). 2,4-D {(2,4-dichlorophenoxy)acetic acid} is labeled for momingglory control, 
but in some parishes o f Louisiana its use is restricted due to considerable risk of injury 
to non-target crops (Anonymous 2000). In addition, application of phenoxy herbicides 
such as 2,4-D may reduce germination of sugarcane planted for seed (Griffin et al.
1990). It is because of these risks that growers prefer to use atrazine at layby to avoid
2,4-D applications later in the season.
In recent years, reports of red momingglory control failures with atrazine have 
increased (Griffin et al. 2000). In the mid 1980’s, Millhollon (1988) reported that 
atrazine at 1.8 kg ai/ha controlled red momingglory 84 to 93%, 90 days after treatment 
(DAT). However, recent research has shown that 1.9 kg/ha atrazine may result in only 
31 to 69% control, 40 DAT2. The disagreement between these studies may have been 
due to the time of application o f atrazine in respect to momingglory emergence, 
competition of the sugarcane crop, and/or the possibility that over time red 
momingglories have developed resistance to the herbicide.
Risley and Oliver (1992) reported no differences in translocation rates between 
pitted momingglory and entireleaf momingglory when roots were treated with l4C- 
imazaquin {2-[4,5-dihydro-4-methyl-4-(l-methylethyl)-5-oxo-l//-imidazol-2-yl]-3-
1 Atrazine 4L product label. United Agri Products, 419 18th Street, Greeley, CO 
80632.
2 Louisiana State University Weed Science 1995 Annual Research Report. 1996. 
Griffin, J.L., P.A. Clay, D.K. Miller, C.F. Grymes, C.B. Corkem, and D.E. Fairbanks. 
302 Life Sciences Building, Louisiana State University, Baton Rouge, LA 70803.
3
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quinolinecarboxylic acid}. However, pitted momingglory absorbed and translocated 
slightly more l4C-imazaquin than entireleaf momingglory when the radiolabelled 
herbicide was applied to leaves. Pitted momingglory metabolized slightly less 14C- 
imazaquin than entireleaf momingglory. Varying rates of translocation and metabolism 
among the momingglory species accounted for their differences in sensitivity to 
imazaquin.
Other studies have documented differential herbicide sensitivity among 
momingglory species. Eastman and Coble (1977) observed greater control o f  red 
momingglory in comparison to four other Ipomoea spp. with preemergence treatments 
o f metribuzin {4-amino-6-( 1,1 -dimethylethyl)-3-(methylthio)-l ,2,4-triazin-5(4//)-one} 
with differences due to depth of seed germination. In contrast, red momingglory was 
more tolerant than other species to alachlor {2-chloro-iV-(2,6-diethylphenyl)-iV- 
(methoxymethyl)acetamide} preemergence and trifluralin {2,6-dimtro-//JV-dipropyl-4- 
(trifluoromethyl)benzenamine} preplant incorporated. Similar studies have documented 
species-specific momingglory sensitivity to metribuzin, an asymmetrical triazine 
herbicide (Crowley et al. 1979; Mathis and Oliver 1980). Kelley and Oliver (1985) 
attributed differences in metribuzin sensitivity o f pitted and entireleaf momingglory to 
differences in herbicide metabolism and translocation. The herbicides norflurazon (4- 
chloro-5-(methylamino)-2-(3 -(trifluoromethyl)pheny 1-3 (2//)-pyridazinone }, perfluidone 
{1,1,1 -trifluoro-V- [2-methyl-4-(phenylsulfonyl)pheny 1] methanesulfonamide }, bentazon 
(3-(l-methylethyl)-(l//)-2,l,3-benzothiadiazin-4(37/)-one 2,2-dioxide}, dinoseb {2-(l- 
methylpropyl)-4,6-dinitrophenol}, vemolate {S-propyl dipropylthiocarbamate}, and 
chlorpropham {1-methylethy 1-3-chlorophenylcarbamate}, and extracts from Fusarium
4
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solani isolates all have displayed species-specific activity on momingglories (Abbas 
and Boyette 1996; Crowley et al. 1979; Eastman and Coble 1977; McClelland et al. 
1978).
One possible explanation for the increase over years in reported red 
momingglory control failures with atrazine in Louisiana sugarcane may be that this 
species has always been less sensitive to atrazine. After years of selection pressure, red 
momingglory may have slowly increased in proportion to other, more susceptible 
momingglory species, making control failures with atrazine appear to be more 
prevalent. Studies have documented changes in weed species composition over a 5- 
year period from use of simazine (6-chloro-Af-.V’-diethyl-l,3,5-triazine-2,4-diamine} in 
apple orchards (Skroch et al. 1975). Buchanan et al. (1975) observed increased 
population of cypressvine momingglory when vemolate, butylate (S-ethyl bis(2- 
methylpropyl)carbamothioate}, and linuron {N  ’-(3,4-dichlorophenyI)-./V-methoxy-.A/- 
methylurea} were used repeatedly for three years in a soybean-com (Zea mays L.) 
rotation. Smallflower momingglory populations increased with the use o f butylate, 
alachlor, and linuron while populations o f tall momingglory [Ipomoea purpurea (L.) 
Roth] decreased with the use of atrazine, alachlor, and linuron. Drawing from this 
study, one could speculate that heavy use o f atrazine has contributed to the relatively 
nonexistent tall momingglory populations in Louisiana sugarcane fields. Likewise, if 
red momingglories are more tolerant to atrazine than other species, then red 
momingglory populations could increase over time as a result of the selection pressure.
Other research has indicated increased mineralization rates o f atrazine resulting 
from soil microbial population shifts following long term annual atrazine use in the
5
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field. Yassir et al. (1999) found accelerated atrazine  degradation in soils with a history
o f continuous atrazine use by N-dealkylation, deamidation, and direct oxidative
condensation by soil microbial communities. These effects were observed in field soils
that had been exposed to atrazine annually for 2 to 30 years. Likewise, Ostrofsky et al.
(1997) observed 80% atrazine mineralization after 30 d in soils collected from a field
that had been in com and had annual atrazine applications made for at least 2 5  years.
This compared to 15 to 30% for a com-soybean rotation (atrazine every other year) and
3 to 7% for a riparian zone with no prior history of atrazine use.
Another likely hypothesis for the increase in red momingglory control failures
with atrazine is the development o f atrazine-resistant biotypes. The Weed Science
Society o f America defines herbicide resistance as:
“the inherited ability o f a plant to survive and reproduce following exposure to a 
dose of herbicide normally lethal to the wild type. In a plant, resistance may be 
naturally occurring or induced by such techniques as genetic engineering or 
selection of variants produced by tissue culture mutagenesis”
Ryan (1970) first reported resistance to the triazine herbicides simazine and atrazine in
a biotype of common groundsel (Senecio vulgaris L.) found in a nursery where atrazine
and/or simazine had been repeatedly used at least once annually for 10 years. By 1997,
60 weed species (41 dicotyledons and 19 monocotyledons) worldwide were
documented as having triazine-resistant biotypes (Heap 1997). Triazine-resistant weed
biotypes comprise nearly one-third o f all herbicide resistance cases, making it the most
common herbicide chemistry for resistance development.
Based on atrazine product labels1, up to 12.1 kg/ha may be applied to a single
sugarcane crop over a 12-month period in Louisiana. This rate is over four times the
maximum annual rate in com. Considering that an estimated 75% of the sugarcane
6
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hectarage in Louisiana receives an atrazine application annually (Rogers et al. 1996) 
and in many cases, multiple applications are made, it is plausible that resistant weed 
biotypes could develop through selection pressure.
The herbicidal properties of the triazines are a result of their ability to inhibit 
electron flow in the light dependent reactions o f photosynthesis, more specifically in 
photosystem II (Anderson 1996). The heart o f photosystem II is the P680 reaction 
center, a complex o f specialized chlorophyll molecules that absorb light o f a maximum 
wavelength o f 680 nm. As light energy is absorbed, the reaction center is raised to an 
excited, unstable electron state. Most of the excess energy is relieved by passing 
electrons to a series o f electron donors and acceptors, driving the light reactions of 
photosynthesis. Electron transfer in photosystem II eventually leads to Qa and Qb, a pair 
of bound quinones on the D1/D2 thylakoid protein complex, and finally to the 
plastoquinone pool (Stryer 1995).
Atrazine, as well as other triazine herbicides, inhibits electron transfer from Qa 
to Qb by replacing plastoquinone at the Qb binding site located on the 32 kd D1 protein 
(Amtzen et al. 1983; Devine et al. 1993; Nakatani et al. 1983; Stryer 1995). The 
herbicide, unlike plastoquinone, is unable to accept electrons, and in turn, electron 
transport is inhibited. The unstable P680 reaction center, still undergoing 
photoexcitation, must alleviate the excess energy by shunting electrons to other 
compounds in the cell. The process results in the formation of highly destructive free 
radicals and toxic oxygen species such as triplet chlorophyll, singlet oxygen, 
superoxide, and hydrogen peroxide responsible for rapid lipid peroxidation o f cell 
membranes and ultimately plant death (Anderson 1996; Ross and Lembi 1999).
7
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Several studies have documented the mechanism o f triazine resistance in weeds 
(Foes et al. 1998, 1999; Kelly et al. 1999; Smeda et al. 1993; Sundby et al. 1993). In all 
cases, resistance was imparted by a  single amino acid substitution o f serine for glycine 
at position 264 o f  the chloroplast psbA  gene encoding the D1 thylakoid protein. This 32 
kd protein contains the triazine binding site and, when mutated, is responsible for 
reduced affinity for triazine molecules such as atrazine or simazine (Sundby et al.
1993). Resistant biotypes with the mutation have 82 to 108 fold levels of triazine  
tolerance compared to susceptible biotypes (Foes et al. 1999; Lehoczki et al. 1984; 
Lopez-Martinez et al. 1997). Uptake, translocation, and metabolism have not been 
shown to play an appreciable role in selectivity between susceptible and resistant 
biotypes (Ali and Machado 1984; Radosevich 1977).
Conformational changes in the D1 protein hinder plastoquinone binding, and as 
a result, triazine resistant plants are less photosynthetically efficient and less 
competitive than susceptible biotypes (Ahrens et al. 1981). Parks et al. (1996) observed 
delayed maturity, decreased leaf area, and reduced growth rates of triazine-resistant 
common lambsquarters (Chenopodium album L.) compared to susceptible biotypes. In 
addition, resistant biotypes produced fewer seeds and seeds o f reduced weight. 
Triazine-resistant and susceptible biotypes o f common groundsel (Senecio vulgaris L.) 
also have shown variable levels o f biological fitness (Holt and Radosevich 1983). 
Susceptible biotypes displayed greater dry matter production, height, number of leaves, 
leaf area, and root/shoot ratios than the resistant biotypes. All reductions in 
productivity were attributed to reductions in photosynthetic capacity imparted by the 
triazine resistance mutation. Studies conducted by Sundby et al. (1993) documented
8
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decreased photosynthetic efficiency and enhanced susceptibility to light induced 
damage in nontreated triazine-resistant biotypes of Brassica napus L. compared to 
susceptible plants. These effects were more pronounced when plants were grown under 
higher irradiance levels, indicating that optimum conditions for growth and 
development of triazine-resistant biotypes may include a low light, shaded environment.
For studying the effects o f photosynthetic inhibiting herbicides on chloroplast 
structure and function, the measurement o f chlorophyll fluorescence is an important and 
useful analytical tool (Devine et al. 1993). Chlorophyll fluorescence assays have been 
used to measure the relative triazine susceptibility among crop lines (Ahrens 1989;
Kube et al. 1989; Lazar et al. 1997) and among species of weeds (Bahler et al. 1987). 
The technique has allowed the detection of resistant biotypes to propanil {iV-(3,4- 
dichlorophenyl)propanamide} (Norsworthy et al. 1998, 1999) and imidazolidine 
derivatives (Yanase et al. 1995). However, the measurement of chlorophyll 
fluorescence has been used more extensively to distinguish triazine resistant biotypes 
from susceptible biotypes (Ahrens et al. 1981; Ali and Machado 1984; Anderson et al. 
1996; Foes et al. 1998, 1999; Lopez-Martinez et al. 1997; Solymosi et al. 1986; Sundby 
et al. 1993).
As light is absorbed by the chlorophyll pigments of plants, a majority o f  the 
energy is utilized in the process of electron transfer. The remainder of the energy is 
either lost as heat or fluorescence (Taiz and Zeiger 1998). As the excited reaction 
center returns to its ground state, the photon of light previously absorbed may be 
emitted, however, a small amount of energy is lost as heat. As a result, the light emitted 
is of a greater wavelength and lower energy than that which was absorbed, a process
9
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known as chlorophyll fluorescence. Inhibition o f electron transfer induced by triazine 
herbicides results in increased energy dissipation through chlorophyll fluorescence 
(Ahrens et al. 1981; Richard et al. 1983).
Miles and Daniel (1973) showed the effects of photoinhibition on leaf tissue 
using special color photography to indicate increased chlorophyll fluorescence. Shortly 
thereafter, a portable fluorometer adapted for rapid field measurements was described 
by Schreiber et al. (1977). Commercially available models generally consist o f a probe 
connected to a power source and data logger. The probe houses a light emitting diode 
centered around 670 nm light output and a photodiode sensor measuring fluoresced 
light greater than 710 nm (Ahrens et al. 1981).
As light from the probe is irradiated on the leaf surface, the fluorescence level 
rises rapidly from an initial level (Fo) to a maximum (Fm) followed by a slower decline 
to a terminal level o f fluorescence (Ft). The Ft parameter after 150 s illumination is 
often used as the defining parameter of fluorescence because it is independent o f dark 
preadaptation and varies least among leaves o f untreated plants (Richard et al. 1983).
Altered characteristics of fluorescence parameters upon exposure to herbicides 
allow the detection of triazine resistant biotypes. Ahrens et al. (1981) observed 
significant increases in F t after exposure to 0.01% technical grade atrazine solution in 
susceptible biotypes of smooth pigweed (Amaranthus hybridus L.), common groundsel, 
Powell amaranth (Amaranthuspowelli S. Wats.), common ragweed (Ambrosia 
artemisiifolia L.), and common Iambsquarters. In contrast, the resistant biotypes 
showed no change in fluorescence after treatment with atrazine. In the absence of the
10
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herbicide, fluorescence was higher in resistant biotypes than in susceptible biotypes, 
indicating reduced photosynthetic efficiency in triazine-resistant mutants.
Similar results were obtained from studies of suspected triazine-resistant 
horseweed [Conyza canadensis (L.) Cronq.] (Lehoczki et al. 1984). Photosynthetic 
inhibition was determined by rapid phase fluorescence measurements, that is, 
measurements taken within one second following illumination. Electron transport in 
susceptible plants treated with the photosynthetic inhibitors atrazine, diuron {iV’-(3,4- 
dichlorophenyl)-AyV-dimethylurea}, and ioxynil {4-hydroxy-3,5-diiodobenzo-nitrile} 
was completely inhibited. Only atrazine inhibited photosynthesis in the resistant 
biotypes, suggesting the triazine-binding properties are dissimilar from that o f  the 
substituted ureas and nitrile herbicides. Hill reaction measurements o f isolated 
chloroplasts indicated an atrazine resistance factor of 1000 in resistant biotypes, 
supporting findings from the fluorescence assay.
Foes et al. (1999) investigated a biotype of kochia [.Kochia scoparia (L.)
Schrad.] suspected o f multiple-resistance to triazine and the acetolactate synthase (ALS) 
inhibiting herbicides. To determine triazine resistance, F t was measured prior to 
atrazine treatment to obtain the initial steady-state, or baseline fluorescence. Atrazine 
solutions ranging from 100 nM to 10 M were applied to leaves of plants and periodic 
fluorescence measurements were taken up to 120 min. The suspected resistant biotype 
showed no change in fluorescence after atrazine treatments regardless o f atrazine 
concentration. Fluorescence of the susceptible biotype increased two-fold within 15 
min following treatment with lower atrazine concentrations. Sequencing of the psbA 
chloroplast gene confirmed the serine to glycine substitution common to triazine
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resistant biotypes. Related studies evaluating common waterhemp (Amaranthus rudis 
Sauer) biotypes suspected o f  multiple-resistance to triazine and ALS inhibitors 
demonstrated similar results (Foes et al. 1998).
Three populations o f  bamyardgrass [Echinochloa crus-galli (L.) Beauv.] found 
in Spain were suspected of multiple-resistance to quinclorac (3,7-dichloro-8- 
quinolinecarboxylic acid} and atrazine (Lopez-Martinez et al. 1997). Growth studies 
indicated all populations tested had 26 to 84 fold levels of resistance to quinclorac. No 
increase in F j was observed in one of the three biotypes treated with atrazine, indicating 
triazine resistance in that biotype. Hill reaction analysis supported the findings from the 
fluorescence assay. Electron transport was inhibited in the remaining populations, 
implicating separate mechanisms of resistance to atrazine and quinclorac. The mode of 
action of quinclorac, a synthetic auxin herbicide, does not involve inhibition of 
photosynthesis (Devine et al. 1993).
Commercial fluorometers deliver readings in arbitrary units as measured by a 
simple voltage meter. Fluorescence parameters vary depending on species of plant and 
environmental conditions such as temperature (Bahler et al. 1987; Fuks et al. 1992; 
Goltstev et al. 1994), therefore, fluorescence readings should be considered as relative 
measurements. Bahler et al. (1987) minimized variation in data by calculating change 
in relative fluorescence (CRF); CRF = (F t  at t) — (F t  at tj); where t = time of herbicide 
exposure, t; = initial time. Since fluorescence measurements (F t)  involve some 
variation among leaves o f the same species, using change in relative fluorescence rather 
than absolute F t to quantify electron transport inhibition allows equitable comparisons 
of herbicide sensitivity.
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I
One area o f research in this dissertation addresses the potential existence o f 
triazine resistant biotypes of red momingglory in Louisiana. The excessive amount of 
atrazine used in sugarcane, the preference o f triazine resistant mutants for shaded 
environments (i.e. under a sugarcane canopy), and the increase in reported control 
failures with atrazine all suggest triazine-resistant red momingglories may indeed be 
present in Louisiana. The extensively documented application of the chlorophyll 
fluorescence assay in determining triazine resistance renders the technique a useful tool 
in addressing possible red momingglory resistance.
Currently registered preemergence herbicides for broadleaf weed control in 
sugarcane consist o f metribuzin, terbacil {5-chloro-3-(l,l-dimethylethyI)-6-methyl-2,4- 
(1 //,3 //)-pyrimidinedione }, diuron, and atrazine (Anonymous 2000), all o f which are 
photosynthetic inhibitors sharing the same site o f action in the plant, the Qb binding 
niche on the D1 protein (Anderson 1996). However, these herbicides are in different 
chemical families and have unique properties with respect to weed spectrum and 
activity in regard to timing.
Limited research has addressed the performance o f registered herbicides for 
momingglory control in sugarcane. In Louisiana, Millhollon (1988) evaluated red 
momingglory control with the photosynthetic inhibitors atrazine, cyanazine (2-[[4- 
chloro-6-(ethylamino)-1,3,5-triazin-2-yl]amino]-2-methylpropanenitrile}, diuron, and 
hexazinone {3-cyclohexyl-6-(dimethylamino)-1 -methyl-1,3,5-triazine-2,4(l/f,3//)- 
dione} in sugarcane. Atrazine (1.68, 2.24, and 2.8 kg/ha) and hexazinone (0.56 and 
0.79 kg/ha) controlled red momingglory 79 to 92% 60 DAT. Cyanazine at 2.24 kg 
ai/ha and diuron at 1.68 kg ai/ha controlled red momingglory 55 and 53%, respectively.
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Diuron at 2.24 kg/ha gave 76% control, equal to lower rates of atrazine and hexazinone. 
In a separate study, momingglories were controlled 80% with terbacil preemergence at 
1.3 kg ai/ha (Millhollon 1983). In Sudan, treatments o f atrazine (3.3 kg/ha), diuron (3.3 
kg/ha), and metribuzin (1.3 kg ai/ha) gave excellent control in sugarcane heavily 
infested with Ipomoea cordofana Choisy (Ibrahim 1984).
Research conducted in soybean documented excellent control (93%) o f red 
momingglory with preemergence applications of metribuzin at 0.42 kg/ha (Eastman and 
Coble 1977). Other studies evaluating metribuzin documented inadequate or variable 
ivyleaf and entireleaf momingglory control (Crowley et al.1979; Eastman and Coble 
1977; Vidrine et al. 1996). Crowley et al. (1979) observed poor control of pitted, 
entireleaf, cypressvine, tall, palmleaf (Ipomoea wrightii Gray), and ivyleaf 
momingglories with diuron at rates of 0.6 and 1.1 kg/ha, but good to excellent control 
(72 to 99%) with 2.2 kg/ha. Diuron at 0.40 kg/ha controlled entireleaf momingglory 83 
to 100% when applied at the four- to six-leaf stage (Jordan et al. 1993). Though limited 
data is available, research is needed to evaluate the effectiveness of these herbicides for 
red momingglory control when used at labeled rates for sugarcane.
Two herbicides are currently in review by the Environmental Protection Agency 
(EPA) for registration in sugarcane. Sulfentrazone {/V-[2,4-dichloro-5-[4- 
(difluoromethyl)-4,5-dihydro-3 -methy l-5-oxo- IH-l ,2,4-triazol-1 - 
yl]phenyl]methanesulfonamide}, an aryl triazinone herbicide, was introduced by FMC 
Corporation3 and received registration for soybean in 1998 (Ahrens 1998). A similar 
herbicide, azafeniden (2-[2,4-dichloro-5-(2-propynyloxy)phenyl]-5,6,7,8-tetrahydro-
3 FMC Corporation, 1735 Market Street, Philadelphia, PA 19103
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l,2,4-triazolo[4,3-<3]pyridin-3(2//)-one} is being developed by Dupont Company4 for 
use in citrus, sugarcane, vineyards, and forestry. The mode of action o f these 
herbicides is inhibition o f protoporphyrinogen oxidase (PPOase), an enzyme involved 
in the porphyrin synthesis pathway (Boger and Wakabayashi 1999; Ross and Lembi 
1999). As a result, chlorophyll and heme synthesis are inhibited in plastids, ultimately 
leading to excessive formation and accumulation o f singlet oxygen-producing 
protoporphyrin IX in the cytoplasm (Dayan et al. 1997; Devine et al. 1993, Lehnen et 
al. 1990; Nandihalli et al. 1992). Singlet oxygen produced upon exposure to light 
initiates a series of reactions leading to lipid peroxidation of membranes and loss o f cell 
compartmentalization (Devine et al. 1993).
Sulfentrazone has demonstrated excellent control of momingglory species in 
soybean. Research conducted in Louisiana has shown greater than 93% control o f 
entireleaf momingglory with 0.42 kg ai/ha sulfentrazone preplant incorporated and 
preemergence (Vidrine et al. 1996). In all years and locations, control with 
sulfentrazone was greater than metribuzin at 0.36 kg/ha. Other research documented 
greater than 90% control of pitted momingglory, entireleaf momingglory, purple 
momingglory (Ipomoea turbinata Lag.), smallflower momingglory, and tall 
momingglory with 0.07 and 0.14 kg/ha sulfentrazone preplant incorporated and 
preemergence (Oliver et al. 1995). Research in Louisiana has shown excellent 
sugarcane tolerance to sulfentrazone (J.L. Griffin, unpublished data). Wehtje et al. 
(1995) studied the effects o f soil type on sulfentrazone activity. Control o f  entireleaf 
momingglory was greater than 97% in silt loam soil with sulfentrazone at 0.14 kg/ha.
4 Du Pont Agricultural Enterprises, Walker’s Mill, Barley Mill Plaza, Wilmington, DE 
19880.
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Increased organic matter content, increased pH, and low moisture reduced performance 
of the herbicide.
Less research, however, has been conducted to evaluate weed control and 
sugarcane tolerance with azafeniden. Initial reports indicate preemergence activity on a 
broad spectrum of grass and broadleaf weeds, including several momingglory species 
(Castner et al. 1998, Richard 1998). O f particular concern is crop injury from 
preemergence and postemergence applications of azafeniden to sugarcane. In one 
experiment, Richard (1998) observed less than 10% injury from azafeniden at 0.56, 
0.84, and 1.12 kg ai/ha applied preemergence to sugarcane resulting in no reductions of 
sugar yield. In a separate experiment, azafeniden and terbacil applied postemergence in 
the spring reduced sugar yield in the cultivar CP 70-370 in one o f  two years.
Previous research has documented differential sensitivity to herbicides among 
commercial sugarcane cultivars. Richard (1989) observed greater sensitivity to 
postemergence applications of terbacil and hexazinone in the cultivars ‘CP 48-103’ and 
‘CP 65-357’ than with six other commercially grown cultivars. Millhollon and 
Matheme (1968) reported severe injury to ‘CP 44-101’ and ‘CP 52-68’ from 
postemergence applications of diuron, with no effect on ‘NCo 310’. Conversely, 
treatments o f dalapon (2,2-dichloropropionic acid) only injured NCo 310. In Hawaii, 
studies documented differential rates of metabolism and crop tolerance to diuron among 
the sugarcane cultivars ‘H 53-263’ and ‘H 50-7209’ (Osgood et al. 1972). From this 
evidence, it is plausible that differential tolerance to azafeniden may exist as well 
among commercial cultivars.
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Because the triazine herbicides are currently under Special Review by the EPA, 
the future o f atrazine use in sugarcane is uncertain. Whether triazine  resistant biotypes 
are present or the registration of atrazine is revoked, an alternative will be needed. The 
research in this dissertation was conducted in an attempt to improve management of red 
momingglory in sugarcane and to determine if control failures with atrazine are a result 
of triazine resistance. Furthermore, currently registered herbicides as well as new 
compounds were evaluated for red momingglory control and sugarcane cultivar 
response under typical production systems in Louisiana.
Literature Cited
Abbas, H. K. and C. D. Boyette. 1996. Control o f momingglory species using 
Fitsarium solani and its extracts. Int. J. Pest Manage. 42:235-239.
Ahrens, W. H. 1989. Uptake and action of metribuzin in soybeans (Glycine max) and 
two weed species as monitored by chlorophyll fluorescence. Weed Sci. 37:631-638.
Ahrens, W. H., ed. 1998. Herbicide Handbook — Supplemental Edition. Weed Science 
Society of America: Champaign, IL.
Ahrens, W. H., C. J. Amtzen, and E. W. Stoller. 1981. Chlorophyll fluorescence assay 
for the determination o f triazine resistance. Weed Sci. 29:316-322.
Ali, A. and V. S. Machado. 1984. A comparative analysis o f leaf chlorophyll 
fluorescence, Hill reaction activity, and I4C-atrazine tracer studies to explain differential 
atrazine susceptibility in wild turnip rape (Brassica campestris) biotypes. Can. J. Plant 
Sci. 64:707-713.
Anderson, D. D., F. W. Roeth, and A. R. Martin. 1996. Occurrence and control of 
triazine-resistant common waterhemp (Amaranthus rudis) in field com (Zea mays). 
Weed Technol. 10:570-575.
Anderson, W. P. 1996. Triazine herbicides. In Weed Science — Principles and 
Applications, 3rd edition. St. Paul, MN: West Publishing Co. pp. 232-236.
Anonymous. 2000. Louisiana suggested chemical weed control guide - 2000. Louisiana 
Coop. Extension Service Pub. 1565(3M). 120 pp.
17
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
Amtzen, C. J., K. E. Steinback, W. Vermaas, and I. Ohad. 1983. Molecular 
characterization o f the target site(s) for herbicides which affect photosynthetic electron 
transport. In J. Miyamoto and P.C. Kearney, eds. Pesticide Chemistry — Human Welfare 
and the Environment, volume 3. Elmsford, NY: Pergamon Press Inc. pp. 51-58.
Bahler, C. C., L. E. Moser, and K. P. Vogel. 1987. Using leaf fluorescence for 
evaluating atrazin e  tolerance of three perennial warm-season grasses. J. Range Manage. 
40:148-151.
BQger, P. and K. Wakabayashi, eds. 1999. General physiological characteristics and 
mode o f action o f  peroxidizing herbicides. In Peroxidizing Herbicides. Berlin,
Germany: Springer-Verlag Berlin Heidelberg, pp.163-190.
Buchanan, G. A., C. S. Hoveland, V. L. Brown, and R. H. Wade. 1975. Weed 
population shifts influenced by crop rotations and weed control programs. Proc. South. 
Weed Sci. Soc. 28:60-71.
Castner, E. P., S. D. Delaney, R. G. Turner, and E. P. Richard, Jr. 1998. Milestone — a 
new broad spectrum herbicide for sugarcane. Proc. South. Weed Sci. Soc. 51:219-220.
Cole, A. W. and G. E. Coats. 1973. Tall momingglory germination and response to 
herbicides and temperature. Weed Sci. 21:443-446.
Crowley, R. H., D. H. Teem, G. A. Buchanan, and C. S. Hoveland. 1979. Responses of 
Ipomoea spp. and Cassia spp. to preemergence applied herbicides. Weed Sci. 27:531- 
535.
Dayan, F. E., S. O. Duke, J. D. Weete, and H. G. Hancock. 1997. Selectivity and mode 
of action of carfentrazone-ethyl, a novel phenyl triazolinone herbicide. Pestic. Sci. 
51:65-73.
Devine, M., S. O. Duke, and C. Fedtke, eds. 1993. Herbicidial inhibition of 
photosynthetic electron transport. In Physiology o f Herbicide Action. Englewoods Cliff, 
NJ: PTR Prentice Hall. pp. 113-136.
Eastman, D. G. and H. D. Coble. 1977. Differences in the control o f five momingglory 
species by selected soybean herbicides. Proc. South. Weed Sci. Soc. 30:39-45.
Egley, G. H. 1990. High-temperature effects on germination and survival o f weed 
seeds in soil. Weed Sci. 38:429-435.
Foes, M. J., L. Liu, P. J. Tranel, L. M. Wax, and E. W. Stoller. 1998. A biotype of 
common waterhemp (Amaranthus rudis) resistant to triazine and ALS herbicides. Weed 
Sci. 46:514-520.
18
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
I
Foes, M. J., L. Liu, G. Vigue, E. W. Stoller, L. M. Wax, and P. J. Tranel. 1999. A 
kochia (Kochia scoparia) biotype resistant to triazine and ALS-inhibiting herbicides. 
Weed Sci. 47:20-27.
Fuks, B., F. Van Eycken, and R. Lannoye. 1992. Tolerance o f triazine-resistant and 
susceptible biotypes o f three weeds to heat stress: a fluorescence study. Weed Res. 
32:9-17.
Goltsev, V., I. Yordanov, and T. Tsonev. 1994. Evaluation o f relative contribution of 
initial and variable chlorophyll fluorescence measured at different temperatures. 
Photosynthetica 30:629-643.
Gomes, L. F., J. M. Chandler, and C. E. Vaughan. 1978. Aspects o f germination, 
emergence, and seed production o f three Ipomoea taxa. Weed Sci. 26:245-248.
Griffin, J. L., B. J. Hook, R. S. Peregoy, and L. M. Kitchen. 1990. Emergence and yield 
of 2,4-D treated seed cane. J. Am. Soc. Sugarcane Technol. 10:56-60.
Griffin, J. L., B. J. Viator, and J. M. Ellis. 2000. Tie-vine (momingglory) control at 
layby. Sugar Bull. 78(7):23-35.
Hardcastle, W. S. 1978. Influence o f  temperature and acid scarification duration on 
scarlet momingglory (Ipomoea coccinea) seed germination. Weed Sci. 26:261-263.
Heap, I. M. 1997. The occurrence o f herbicide-resistant weeds worldwide. Pestic. Sci. 
51:235-243.
Holt, J. S. and S. R. Radosevich. 1983. Differential growth of two common groundsel 
(Senecio vulgaris) biotypes. Weed Sci. 31:112-119.
Ibrahim, A.A.S. 1984. Weed competition and control in sugarcane. Weed Res. 24:227- 
231.
Jordan, D. L., M. R. McClelland, R. E. Frans, and J. A. Kendig. 1993. Effect of MSMA 
on entireleaf momingglory (Ipomoea hederacea var. integriuscula) control with 
preemergence herbicides. Weed Technol. 7:36-41.
Kelley, S. T., G. E. Coats, and D. S. Luthe. 1999. Mode o f resistance o f triazine- 
resistant annual bluegrass (Poa annua). Weed Technol. 13:747-752.
Kelley, T. L. and L. R. Oliver. 1985. Fate o f metribuzin in pitted (Ipomoea lacunosa) 
and entireleaf (Ipomoea hederacea var. integriuscula) momingglory. Proc. South. Weed 
Sci. Soc. 38:481.
Kube, J. G., K. P. Vogel, and L. E. Moser. 1989. Genetic variability for seedling 
atrazine tolerance in indiangrass. Crop Sci. 29:18-23.
19
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
Lazar, D., J. Naus, M. Matouskova, and M. Flasarova. 1997. Mathematical modeling of 
changes in chlorophyll fluorescence induction caused by herbicides. Pestic. Biochem. 
Physiol. 57:200-210.
Lehnen, L. P., Jr., T. D. Sherman, J. M. Becerril, and S. O. Duke. 1990. Tissue and 
cellular localization of acifluorfen-induced porphyrins in cucumber cotyledons. Pestic. 
Biochem. Physiol. 37:239-248.
Lehoczki, E., G. Laskay, E. Polos, and J. Mikulas. 1984. Resistance to triazine 
herbicides in horseweed (Corxyza canadensis). Weed Sci. 32:669-674.
Lopez-Martinez, N., G. Marshall, and R. De Prado. 1997. Resistance of bamyardgrass 
(Echinochloa crus-galli) to atrazine and quinclorac. Pestic. Sci. 52:171-175.
Mathis, W. D. and L. R. Oliver. 1980. Control of six momingglory (Ipomoea) species 
in soybeans (Glycine max). Weed Sci. 28:409-415.
McClelland, M. R., L. R. Oliver, W. D. Mathis, and R. E. Frans. 1978. Responses of 
six momingglory (Ipomoea) species to bentazon. Weed Sci. 26:459-464.
Miles, C. D. and D. J. Daniel. 1973. A rapid screening technique for photosynthetic 
mutants o f higher plants. Plant Sci. Lett. 1:237-240.
Millhollon, R. W. 1983. Late season weed control in sugarcane with herbicides applied 
at layby. J. Am. Soc. Sugarcane Technol. 2:17-21.
Millhollon, R. W. 1988. Control of momingglory (Ipomoea coccinea) in sugarcane 
with layby herbicide treatments. J. Am. Soc. Sugarcane Technol. 8:62-66.
Millhollon, R. W. and R.J. Matheme. 1968. Tolerance o f sugarcane varieties to 
herbicides. Weed Sci. 16:300-303.
Nakatani, H. Y., K. Satoh, K. E. Steinback, and C. J. Amtzen. 1983. Characterization 
of a 32 kilodalton herbicide-binding polypeptide. In J. Miyamoto and P.C. Kearney, 
eds. Pesticide Chemistry -  Human Welfare and the Environment, volume 3. Elmsford, 
NY: Pergamon Press Inc.
Nandihalli, U. B., T. D. Sherman, M. V. Duke, J. D. Fisher, V. A. Musco, J. M.
Becerril, and S. O. Duke. 1992. Correlation of protoporphyrinogen oxidase inhibition 
by O-phenyl pyrrolidino- and piperidino-carbamates with theor herbicidal effects.
Pestic. Sci. 35:227-235.
Norsworthy, J. K., R. E. Talbot, and R. E. Hoagland. 1998. Chlorophyll fluorescence 
for rapid detection of propanil-resistant bamyardgrass {Echinochloa crus-galli). Weed 
Sci. 46:163-169.
20
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
Norsworthy, J. K., R. E. Talbot, and R. E. Hoagland. 1999. Chlorophyll fluorescence 
evaluation o f agrochemical interactions with propanil on propanil-resistant 
bamyardgrass (Echinochloa crus-galli). Weed Sci. 47:13-19.
Oliver, L. R., R. W. Costello, and C. A. King. 1995. Weed control programs with 
sulfentrazone in soybeans. Proc. South. Weed. Sci. Soc. 48:73-74.
Osgood, R. V., R. R. Romanowski, and H. W. Hilton. 1972. Differential tolerance o f 
Hawaiian sugarcane cultivars to diuron. Weed Sci. 20:537-539.
Ostrofsky, E. B., S. J. Traina, and 0 . H. Tuovinen. 1997. Variation in atrazine 
mineralization rates in relation to agricultural management practices. J. Environ. Qual. 
26:647-657.
Parks, R. J., W. S. Curran, G. W. Roth, N. L. Hartwig, and D. D. Calvin. 1996. 
Herbicide susceptibility and biological fitness of triazine-resistant and susceptible 
common lambsquarters (Chenopodium album). Weed Sci. 44:517-522.
Radosevich, S. R. 1977. Mechanism of atrazine resistance in lambsquarters and 
pigweed. Weed Sci. 25(4)316-318.
Richard, E. P., Jr., J. R. Goss, C. J. Amtzen, and F. W. Slife. 1983. Determination o f 
herbicide inhibition o f photosynthesis electron transport by fluorescence. Weed Sci. 
31:361-367.
Richard, E. P., Jr. 1989. Response of sugarcane (Saccharum sp.) cultivars to 
preemergence herbicides. Weed Technol. 3:358-363.
Richard, E. P., Jr. 1998. Azafeniden (DPX-R6447) for weed control in sugarcane. Proc. 
South. Weed Sci. Soc. 51:22.
Risley, M. A. and L. R. Oliver. 1992. Absorption, translocation, and metabolism of 
imazaquin in pitted (Ipomoea lacunosa) and entireleaf (Ipomoea hederacea var. 
integriuscula) momingglory. Weed Sci. 40:503-506.
Rogers, R. L., D. Sanders, J. L. Griffin, D. B. Reynolds, P. R. Vidrine, T. A. Burch, J.
E. Boudreaux, E. E. Puls, and E. P. Richard, Jr. 1996. Potential economic impact o f 
loss of triazine herbicides in Louisiana. La. Agric. Expt. Stn. Rep. OPP-30000-60. 9 pp.
Ross, M. A. and C. A. Lembi. 1999. Applied Weed Science, 2nd edition. Prentice Hall: 
Upper Saddle River, NJ.
Ryan, G. F. 1970. Resistance of common groundsel to simazine and atrazine. Weed 
Sci. 18:614-616.
21
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
Schreiber, U., R. Fink, and W. Vidaver. 1977. Fluorescence induction in whole-plant 
leaves: differentiation between the two leaf sides and adaptation to different light 
regimes. Planta 133:121-129.
Skroch, W. A., T. J. Sheets, and T. J. Monaco. 1975. Weed populations and herbicide 
residues in apple orchards after 5 years. Weed Sci. 23:53-57.
Smeda, R. J., P. M. Hasegawa, P. B. Goldsbrough, N. K. Singh, and S. C. Weller.
1993. A serine-to-threonine substitution in the triazine herbicide-binding protein in 
potato cells results in atrazine resistance without impairing productivity. Plant Physiol. 
103:911-917.
Solymosi, P, E. Lehoczki, and G. Laskay. 1986. Difference in herbicide resistance to 
various taxonomic populations of common lambsquarters {Chenopodium album) and 
late-flowering goosefoot (Chenopodium strictum) in Hungary. Weed Sci. 34:175-180.
Stryer, L. ed. 1995. Photosynthesis. In Biochemistry. New York:W.H. Freeman and 
Co. pp. 653-682.
Sundby, C., W. S. Chow, and J. M. Anderson. 1993. Effects of photosystem II, 
photoinhibition, and plant performance of the spontaneous mutation of serine-264 in the 
photosystem II reaction center D1 protein in triazine-resistant Brassica napus L. Plant 
Physiol. 103:105-113.
Sunderland, S. L. and H. D. Coble. 1994. Differential tolerance of momingglory 
species {Ipomoea sp.) to DPX-PE350. Weed Sci. 42:227-232.
Taiz, L. and E. Zeiger, eds. 1998. Photosynthesis: the light reactions. In Plant 
Physiology. Sunderland, MA: Sinauer Assoc. Inc. pp. 179-218.
Thakar, C., and H. N. Singh. 1954. Nilkalamine {Ipomoea hederacea), a menace to 
sugarcane. Hort. Abstr. 24:530.
Vidrine, P. R., J. L. Griffin, D. L. Jordan, and D. B. Reynolds. 1996. Broadleaf weed 
control in soybean {Glycine max) with sulfentrazone. Weed Technol. 10:762-765.
Webster, T. M. and H. D. Coble. 1997. Changes in the weed species composition o f  the 
southern United States: 1974-1995. Weed Technol. 11:308-317.
Wehtje, G., R. H. Walker, T. L. Grey, and C. E. Spratlin. 1995. Soil effects of 
sulfentrazone. Proc. South. Weed Sci. Soc. 48:224-225.
Wilson, H. P. and R. H. Cole. 1958. Momingglory competition in soybeans. Weeds 
14:43-51.
22
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
Yanase, D., M. Chiba, A. Andoh, and T. Gotoh. 1995. Characterization o f  new 
photosynthesis-inhibiting imidazolidine derivatives - interpretation o f post-emergence 
herbicidal performance from photosynthesis-inhibiting activity and systemicity. Pestic. 
Sci. 43:279-285.
Yassir, A., B. Lagacherie, S. Houot, and G. Soulas. 1999. Microbial aspects o f  atrazine 
biodegradation in relation to history o f soil treatment. Pestic. Sci. 55:799-809.
23
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
CHAPTER 2
EVALUATION OF RED MORNINGGLORY {IPOMOEA COCCINEA) FOR 
POTENTIAL ATRAZINE RESISTANCE
Introduction
In the U.S., sugarcane {Saccharum interspecific hybrids) is grown in Florida, 
Louisiana, Texas, and Hawaii. Of these states, Louisiana presently has the most 
hectarage in sugarcane production totaling 186,000 ha (Anonymous 1999). Sugarcane 
in Louisiana is cultured as a perennial with three to five annual harvests made from a 
single summer planting. The row tops are essentially undisturbed throughout the crop 
cycle, which contributes to the difficulty in controlling weeds. Preemergence (PRE) 
herbicide applications are relied upon to control weeds emerging with the crop after 
planting and in the spring each year. Inter-row cultivations are made throughout the 
spring months until a final cultivation, or layby cultivation, is made in May or June. It 
is at this time that a herbicide is broadcast to control late emerging weeds, such as 
momingglories (Ipomoea spp.), until crop harvest from September until January.
Red momingglory (Ipomoea coccinea L.) is one of the more common and 
problematic momingglory species found in Louisiana sugarcane fields. Studies have 
documented reductions in stalk populations, sugar/ha, and harvest efficiency resulting 
from momingglory competition in sugarcane (Millhollon 1988; Thakar and Singh 
1954). Though aerial postemergence (POST) applications of 2,4-D {(2,4- 
dichlorophenoxy)acetic acid} are used for momingglory control in most sugarcane 
growing regions of Louisiana, this can entail considerable risk of injury to non-target 
crops and ornamentals. To avoid these risks, PRE herbicides, in particular atrazine {6- 
chloro-W-ethyl-AT-(l-methylethyl)-l,3,5-triazine-2,4-diamine}, are generally applied
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shortly after the layby cultivation to control momingglories (Millhollon 1988). Due to 
recent changes in variety usage and management practices, the timing of layby 
herbicide application has been shifted toward early May.
In recent years, reports from local growers regarding red momingglory control 
failures with atrazine have increased in frequency (Griffin et al. 2000). Millhollon 
(1988) observed 84 to 93% control of red momingglory 90 days after treatment (DAT) 
with 1.8 kg ai/ha atrazine applied PRE. However, recent research has shown that 1.9 
kg/ha resulted in only 31 to 69% control 40 DAT1. Based on the atrazine product 
label , up to 11.2 kg/ha may be applied to a single sugarcane crop m Louisiana, over 
four times the maximum annual rate in com.
Ryan (1970) first reported triazine resistance in a biotype o f  common groundsel 
(Senecio vulgaris L.) found in a Washington nursery where simazine (6-chloro-iV-A’- 
diethyl-1,3,5-triazine-2,4-diamine} and atrazine had been used annually for ten years. 
Presently, the triazine herbicides, including atrazine, comprise nearly one-third of 
herbicide resistance cases worldwide, making it the most common herbicide family for 
the development of resistant biotypes (Heap 1997). Considering that an estimated 75% 
of the sugarcane hectarage in Louisiana receives an atrazine application annually3 and
1 Louisiana State University Weed Science 1995 Annual Research Report. 1996. 
Griffin, J.L., P.A. Clay, D.K. Miller, C.F. Grymes, C.B. Corkem, and D.E. Fairbanks. 
Department of Plant Pathology and Crop Physiology, 302 Life Sciences Building, 
Louisiana State University, Baton Rouge, LA 70803. pp. 149.
2 Atrazine, Aatrex 4L. Novartis Crop Protection. P.O. Box 18300, Greensboro, NC 
27419.
3 Potential economic impact o f loss of triazine herbicides in Louisiana. 1996. Rogers, 
R.L., D. Sanders, J.L. Griffin, D.B. Reynolds, P.R. Vidrine, T.A. Burch, J.E. 
Boudreaux, E.E. Puls, and E.P. Richard, Jr. La. Agric. Expt. Stn. Rep. OPP-30000-60. 
9 pp.
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in many cases, multiple applications are made, it is plausible that resistant weed 
biotypes may have developed through intense selection pressure. This could explain 
why red momingglory control failures with atrazine have occurred in Louisiana.
The mechanism o f triazine-resistance is a single amino acid substitution of 
serine to glycine due to a point mutation at position 264 of the chloroplast psbA  gene 
which encodes for the D1 thylakoid protein (Foes et al. 1998, 1999; Kelley et al. 1999; 
Smeda et al.1993; Sundby et al. 1993). This 32 kd protein contains the triazine binding 
site and, when mutated, is responsible for reduced affinity for triazine molecules such as 
atrazine or simazine (Smeda et al. 1993). Resistant biotypes with the mutation have 82 
to 108-fold levels of triazine tolerance compared to susceptible biotypes (Foes et al. 
1999; Lehoczki et al. 1984; Lopez-Martinez et al. 1997). In the absence o f the 
herbicide, triazine-resistant biotypes are less competitive and less photosynthetically 
efficient than wild-types due to reduced plastoquinone binding (Ahrens et al. 1981; 
Parks et al. 1996).
The triazine herbicides are potent inhibitors o f electron transport in the light 
reactions of photosynthesis (Devine et al. 1993). When electron transport is inhibited, 
an increased proportion o f absorbed light energy is emitted as fluorescence (Miles and 
Daniel 1973). The amount o f fluoresced light from illuminated chlorophyll is, 
therefore, a relative measurement of electron transport inhibition from atrazine. Ahrens 
et al. (1981) observed no increase in leaf fluorescence when triazine-resistant biotypes 
of six weed species were treated with atrazine. In addition, resistant biotypes displayed 
higher levels of fluorescence than wild-types in the absence o f the herbicide, an 
indicator of reduced photosynthetic efficiency in triazine-resistant biotypes. Similar
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studies have used modified chlorophyll fluorescence assays to distinguish triazine- 
resistant from susceptible weed biotypes (Ali and Machado 1984; Anderson et al. 1996; 
Foes et al. 1998, 1999; Lopez-Martinez et al. 1997; Solymosi et al. 1986; Sundby et al. 
1993).
The objective of this research was to determine if reported red momingglory 
control failures with atrazine are due to triazine-resistant biotypes resulting from the 
herbicide binding site mutation. The outcome of these studies should lead to more 
successful methods of controlling this problematic weed in sugarcane fields.
Materials and Methods
Chlorophyll Fluorescence Assay. Red momingglory seed were collected from 
September through December of 1997. Twenty-four populations were sampled from 
eight parishes in Louisiana and one sample was collected in Arkansas. Of these 
samples, 20 were collected from sugarcane fields where growers had reported red 
momingglory control failures with annual atrazine treatments. Several fields sampled 
were reported to have received three atrazine applications per year totaling at least 6.7 
kg/ha. The remaining four samples were collected from populations growing in non­
cropland areas with no prior history of triazine use. Seed were collected from eight 
plants at each location, mixed to give a representative sample for each population, and 
stored at 5 C until the experiments were initiated.
Laboratory studies were conducted in September and November of 1998. In 
preliminary studies, poor germination was obtained from a majority of the seed 
samples. To improve germination, seeds from each location were cut at the attachment 
scar with a scalpel to improve water absorption, placed in petri dishes between two
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pieces o f  moist filter paper, and dark-incubated at 34 C for 24 h. Germinated seed were 
then planted in 15-cm diameter plastic pots in the greenhouse using commercial potting 
medium4. The experimental design was a randomized complete block with five 
replications. Plants were grown under natural sunlight supplemented by metal-halide 
lights (650 (j.mol/m2/s photosynthetic photon flux density) for a 14-h photoperiod with 
an average air temperature o f 34 C.
When plants reached the 5- to 7-leaf stage, the third youngest, fully expanded 
leaf was removed, placed in individual petri dishes, and placed on trays for transport. 
The third leaf was chosen so that excised leaf sections would be large enough to 
accommodate the fluorometer5 probe. Leaves were carried on foot to the laboratory 
with a transport time of approximately 10 minutes. In the laboratory, a 10 mm diameter 
cork borer was used to remove a circular section from each side of the midvein. To 
achieve equilibrium, the leaf sections were floated in deionized water for 30 min in the 
dark followed by 30 min under an artificial light source with an intensity o f 2.46 
fj.mol/m2/s.
Fluorescence was quantified by illuminating the leaf with monochromatic light 
centered around 670 nm while a photo-diode sensor simultaneously detected fluoresced 
light greater than 710 nm. The light emitting diode and the photodiode sensor are 
housed in the fluorometer probe. The fluorometer gain was set to 0.4 and light output 
was calibrated to deliver 0.72 pmol/m2/s. Leaf sections were removed, blotted dry, and 
clamped in the light-tight fluorometer probe. Fluorescence from the abaxial leaf surface
4 Jiffy-Mix Plus. Jiffy Products o f America, Inc. Batavia, IL 60510.
5 Plant Productivity Fluorometer Model SF-10. Richard Brancker Research Ltd., 27 
Monk Street, Ottawa, Ontario, Canada K1S 3Y7.
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was measured for 60 s, with the final reading considered the terminal fluorescence (Ft). 
Richard et al. (1983) reported terminal fluorescence values taken from the lower leaf 
surface were independent o f dark pre-adaptation intervals and varied least between 
leaves within and among treated plants.
Following the initial readings, one leaf section from each plant was floated in a 
petri dish containing a solution o f lxlO '3 M technical grade atrazine plus 0.01% v/v 
nonionic surfactant6 while the remaining section was placed in surfactant-only solution. 
Preliminary studies found that the lxlO"3 M solution allowed the maximum fluorescence 
state to be reached within two hours of exposure (data not shown). To maintain 
photosynthesis, the leaf sections were floated abaxial side up in their respective 
treatment solutions under the artificial light source between measurements. Terminal 
fluorescence readings from the atrazine treated leaf sections were taken at 30-min 
intervals until F t peaked, at which time Ft for the control was measured. Due to the 
number o f sampled populations evaluated and time constraints involved in 
measurements, only one replicate was conducted per day. As reported by Bahler et al. 
(1987), change in relative fluorescence (CRF) was calculated by subtracting F t for the 
control from the maximum F t  for the treated leaf section.
Whoie-Plant Phytotoxicity Study. A greenhouse study was conducted in 
September and November o f 1998 to evaluate atrazine susceptibility of momingglory 
populations evaluated in the laboratory study. The experimental design was a 
randomized complete block replicated five times. Seed were pre-germinated in a dark- 
incubator as described for the laboratory study and planted in 180 ml Styrofoam cups.
6 Latron AG-98 no-foam spreader activator, 80% alkylaryl polyoxyethylene glycols. 
Rohm & Haas Company, 100 Independence Mall West, Philadelphia, PA 19106-2399.
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Plants were thinned to one plant per cup following emergence. Temperature, lighting, 
potting medium, and watering were consistent with the fluorescence study. Using a 
spray chamber7, 1.1 kg/ha commercially formulated atrazine 3 plus 0.25% v/v nonionic 
surfactant or surfactant only was applied to plants in the 2- to 3-true leaf stage. The rate 
o f atrazine used corresponds to one-half the labeled field use rate for sugarcane in 
Louisiana (Anonymous 2000). The lower rate was chosen to enhance the likelihood of 
detecting differences among the seed populations. The sprayer output was calibrated to 
deliver 140 L/ha. Visual ratings of injury were made 3 and 10 DAT on a scale o f 0 to 
100%, with 0 indicating no control and 100 representing complete necrosis of all plant 
material.
Statistical Analyses. All experiments were repeated over time. Data for 
individual experiments were combined, as analysis revealed no treatment by experiment 
interactions. For the fluorescence assay, one-tailed paired t-tests were used to 
determine if CRF for each momingglory population was different from zero. A CRF 
value significantly greater than zero indicated photosynthetic inhibition and hence, 
atrazine susceptibility. Initial Ft and CRF values from the fluorescence study as well as 
injury ratings from the whole-plant phytotoxicity study were subjected to ANOVA to 
allow comparisons of sampled populations. Means were separated using Fisher’s 
protected LSD test at the 0.05 significance level.
Results and Discussion 
Chlorophyll Fluorescence Assay. Because fluorescence readings are relative, all Ft 
values presented in Table 2.1 are reported in arbitrary units. Analysis o f  variance
7 Allen Track Sprayer. Allen Machine Works, 607 E. Miller Rd., Midland, MI 48640.
30
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
Table 2.1. Relative effects of a lx l O'3 M atrazine solution on terminal fluorescence (F t)  
of red momingglory populations evaluated from Louisiana and Arkansas.






— arbitrary units —  
123 55
2 Assumption, LA 67 126 59
J St. Mary, LA 67 127 59
4 St. Mary, LA 68 130 61
5 Lafourche, L A 66 118 52
6 Assumption, LA 69 130 62
7 Pointe Coupee, LA 66 120 54
8 Lafourche, LA 66 120 54
9 Iberia, LA 72 121 49
10 Iberia, LA 67 122 55
11 Iberia, LA 67 126 59
12 Iberville, LA 65 118 52
13 Terrebonne, LA 68 123 55
14 Terrebonne, LA 71 122 51
15 Lafourche, LA 67 118 51
16 Assumption, LA 68 129 62
17 Assumption, LA 68 123 55
18 St. Mary, LA 68 124 56
19 St. Mary, LA 67 114 48
20 Lafourche, LA 64 125 61
21 Washington, AR 65 117 52
22 Terrebonne, LA 69 116 47
23 E. Baton Rouge, LA 67 116 49
24 E. Baton Rouge, LA 70 123 52
LSD (0.05) NS 9 8
a Populations 1 — 20 were from fields with a history o f repeated atrazine use; 21 — 24 were from locations 
with no history o f atrazine use.
b Ft control = terminal fluorescence of nontreated leaf section.
c Ft treated (max) = maximum terminal fluorescence o f atrazine-treated leaf sections.
d CRF = change in relative fluorescence (maximum FT treated -  FT control). Values represent an average 
over two experiments. One-tail paired t-tests (a=0.05) indicated all CRF values were significantly greater 
than zero.
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revealed a main effect o f experiment for Ft in the control and treated leaf sections; 
however, no treatment by experiment interaction was detected. This main effect due to 
experiment may be explained by the difference in outdoor temperatures during the 
transfer o f leaf material from the greenhouse to the laboratory. The first experiment 
was conducted in the month o f September, when temperatures were considerably 
warmer and similar to temperatures in the greenhouse. The outdoor temperature for the 
second experiment, conducted in the month of November, was 15 degrees C cooler and 
resulted in lower Ft values for both treated and non-treated leaf sections. The cooler 
temperatures during transport to the laboratory may have reduced overall fluorescence 
measurements. Other studies have documented similar effects o f temperature on 
chlorophyll fluorescence (Havaux 1989; Goltsev et al. 1994). Because of a lack of 
population by experiment interaction, Ft values for control and treated leaf sections 
were averaged across the two experiments. However, no treatment by experiment 
interactions were present for the calculated CRF values, indicating that the magnitude 
o f fluorescence increase for each individual population was consistent across 
experiments.
Terminal fluorescence for all atrazine-treated leaf sections peaked within 2 h. 
Based on t-tests, all red momingglory populations showed a significant increase in 
fluorescence upon exposure to atrazine, evident by a CRF value > 0 (Table 2.1). 
Fluorescence in the nontreated leaf sections remained constant throughout the 
measurement period. Increase of chlorophyll fluorescence in populations following 
atrazine exposure indicated inhibition of electron transport in photosystem II, which is 
not consistent with triazine-resistant biotypes (Ahrens et al. 1981).
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I
Analysis o f variance did not reveal any differences in fluorescence o f nontreated 
leaf sections among populations (Table 2.1). Triazine-resistant biotypes display higher 
levels of fluorescence in the absence of atrazine than the wild-type as a result of 
reduced photosynthetic efficiency and plastoquinone binding (Ahrens et al. 1981).
This, again, indicates no triazine resistance resulting from the herbicide binding site 
mutation in the red momingglory populations tested.
Of some importance were the differences in the magnitude o f fluorescence 
increase (CRF) among populations (Table 2.1). Kube et al. (1989) observed slight 
differences in atrazine tolerance between two populations o f indiangrass [Sorghastrum 
nutans (L.) Nash] collected in separate locations o f Nebraska. Bahler et al. (1987) 
correlated inherent atrazine tolerance with CRF values among three perennial grasses. 
Though not conclusive, the differences in CRF values among the red momingglory 
populations evaluated in this study (Table 2.1) may reflect small differences in atrazine 
tolerance by mechanisms other than the altered herbicide binding protein. Several 
populations, with the highest originating from Assumption parish (samples 6 and 16), 
had significantly higher CRF values than a majority o f  the samples collected. 
Populations from areas with no history of atrazine use (21 through 24) did not have 
significantly higher CRF values than populations from areas previously exposed to 
atrazine annually for over ten years. As a result, differences in CRF values could not be 
associated with prior history of atrazine use at the locations.
Although no triazine resistance was detected among red momingglory 
populations, the Arkansas population germinated more rapidly and had distinctive 
differences in leaf shape and texture compared with the Louisiana populations.
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Klingaman and Oliver (1996) have confirmed the existence o f ecotypes among 
populations o f entireleaf momingglory (Ipomoea hederacea var. integriuscula Gray) 
with distinct morphology and growth habits.
Whole-Plant Phytotoxicity Study. No differences in control were observed 
among biotypes at 3 and 10 DAT (data not shown). At 3 DAT, control averaged across 
biotypes was 84% and ranged from 78 to 88%. At least 99% control was observed 10 
DAT for all populations, and regrowth was not observed. Results from the 
phytotoxicity study offer no evidence of triazine-resistance in the populations evaluated 
and support the findings from the laboratory fluorescence assay. Though in commercial 
field situations atrazine is generally applied PRE, the POST application in this study 
allowed more consistent delivery of active ingredient to the target site and eliminated 
problems associated with the soil environment. The use of POST applications, 
however, does not take into account differences among red momingglory populations 
with respect to translocation of the herbicide. To date, however, no case of triazine- 
resistance has been attributed to altered rates of translocation.
Results of these studies indicate that reported red momingglory control failures 
are not the result of the typical mechanism of triazine-resistance. Further research 
should investigate other factors that may contribute to reduced effectiveness of atrazine 
such as environmental conditions, application timing, and weed emergence patterns. 
Buchanan and Hiltbold (1973) documented rapid degradation of atrazine in warm, 
southern soils, showing an average half-life of 20 d. The discrepancies in red 
momingglory control for research conducted by Millhollon (1988) and Griffin et al. 
(1996)’ may be related to time of atrazine application and emergence of the weed. In
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recent years, a change in cultural practices in Louisiana as a result in the shift toward 
the commercial sugarcane variety LCP 85-384 has resulted in earlier layby applications. 
In the Millhollon et al. (1988) study, atrazine was applied at layby in mid June, which 
was the standard practice at that time. In contrast, atrazine was applied in early May in 
the study conducted by Griffin et al. (1996)1. The poor control observed in the latter 
study may be attributed to insufficient levels of atrazine in the soil needed to control red 
momingglory germinating later in the season. Field observations are that red 
momingglory readily germinate during June and July and thrive underneath the 
sugarcane canopy (J. L. Griffin, personal communication).
Others have reported variable control with atrazine, dependent on precipitation. 
Splittstoesser and Derscheid (1962) found that effective atrazine performance required 
2.5 cm rainfall within 15 to 20 DAT. Weed control was reduced following excessive 
rainfall. Research conducted in Louisiana has documented significant surface runoff 
and leaching of atrazine in sugarcane fields (Bengston et al. 1998; Southwick et al. 
1995). Movement of atrazine down and across the soil profile may reduce atrazine 
concentrations in the soil where red momingglory seed germination occurs, resulting in 
decreased control. Other researchers have attributed reductions in weed control to rapid 
degradation of atrazine due to shifts in the soil microbial community in response to 
repeated atrazine use (Ostrofsky et al. 1997; Yassir et al. 1999). Because sugarcane is a 
perennial crop and atrazine applications may be made throughout the year, it is feasible 
that continuous use of atrazine may over time result in an increase of atrazine-degrading 
soil microbes. These areas should be addressed to better understand the rationale for
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red momingglory control failures with atrazine under Louisiana sugarcane production 
systems.
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CHAPTER 3
RED MORNINGGLORY (IPOMOEA COCCINEA) CONTROL WITH 
SULFENTRAZONE AND AZAFENIDEN APPLIED AT LAYBY IN
SUGARCANE
Introduction
Sugarcane (Saccharum interspecific hybrids) is cultured as a perennial in 
Louisiana with three to five annual harvests from a single, summer planting. The row 
tops are essentially undisturbed throughout the crop cycle contributing to the difficulty 
in controlling weeds. The major weed problems in Louisiana include the annual grasses 
itchgrass [Rottboellia cochinchinensis (Lour.) W.D. Clayton] and browntop panicum 
(Panicum fasciculatum Sw.), the perennial grasses johnsongrass [Sorghum halepense 
(L.) Pers.] and bermudagrass [Cynodon dactylon (L.) Pers.], and annual momingglories 
(Ipomoea spp.). Typical weed control programs involve use o f preemergence (PRE) 
herbicides in March or April, which are very effective on many annual grasses. 
Preemergence herbicides are then applied broadcast-directed underneath the crop 
canopy after the final inter-row cultivation (layby) in May or June to control weeds, 
especially momingglories, until harvest.
Although several species o f momingglory infest sugarcane fields of Louisiana, 
red momingglory (Ipomoea coccinea L.) is particularly problematic. Direct season long 
red momingglory competition with sugarcane has been shown to reduce sugar yields 24 
to 30% under heavy infestations (Millhollon 1988). Maximum germination and 
emergence of momingglories generally occurs after the layby cultivation, where 
climbing and wrapping o f sugarcane stalks reduces millable stalks per hectare 
(Millhollon 1988; Thakar and Singh 1954). Even more troublesome is the reduction in
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harvest efficiency, where manual removal o f the weeds from mechanical harvester 
components is necessary.
Herbicides labeled for red momingglory control in Louisiana include atrazine 
{ 6-chloro-JV-ethy 1-iV ’-(1 -methylethyI)-1,3,5-triazine-2,4-diamine }, diuron {N  ’-(3,4- 
dichlorophenyl)-//, iV-dimethylurea}, terbacil { 5-chloro-3 -(1,1 -dimethylethyl)-6-methy 1- 
2,4( 1 //,3//)-pyrimidinedione}, and metribuzin {4-amino-6-(l,l-dimethylethyl)-3- 
(methylthio)-l,2,4-triazin-5(4//)-one}, with atrazine estimated to be used on 75% o f  the 
hectarage1. In recent years, reports from producers indicate red momingglory control 
failures with atrazine at layby have become more frequent. This has resulted in an 
increase in the need for aerial applications o f 2,4-D {(2,4-dichlorophenoxy)acetic acid}. 
This practice, however, poses considerable risk o f injury to non-target crops and can 
reduce shoot emergence o f treated sugarcane used for seed (Griffin et al. 1990). To 
date, no studies are available comparing red momingglory control with all currently 
registered preemergence herbicides in sugarcane.
Eastman and Coble (1977) documented excellent PRE control of red 
momingglory with 0.42 kg ai/ha metribuzin in soybean (Glycine max L. Merr.). In 
Louisiana, Millhollon (1988) observed 56 and 76% control o f red momingglory in 
sugarcane with diuron at 1.7 and 2.2 kg ai/ha, respectively, while atrazine at 1.7 kg ai/ha 
provided 84 to 91% control, 90 days after treatment (DAT). However, recent data has
1 Potential economic impact o f loss of triazine herbicides in Louisiana. 1996. Rogers, 
R.L., D. Sanders, J.L. Griffin, D.B. Reynolds, P.R. Vidrine, T.A. Burch, J.E.
Boudreaux, E.E. Puls, and E.P. Richard, Jr. La. Agric. Expt. Stn. Rep. OPP-30000-60. 
9 pp.
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shown that 1.9 kg/ha atrazine resulted in only 31 to 69% control 40 DAT2. Research 
has not confirmed the existence of atrazine-resistant red momingglory biotypes in 
Louisiana (Viator et al. 1999), therefore other factors are likely responsible for 
inconsistent red momingglory control reported with atrazine. In South Dakota, 
Splittstoesser and Derscheid (1962) found that for atrazine to be effective a minimum of 
1.3 to 2.5 cm rainfall was required within 15 DAT, but greater than 3.8 cm within 2 
DAT reduced the effectiveness o f the herbicide. In Louisiana, atrazine was shown to be 
susceptible to significant leaching and run-off in sugarcane (Bengston et al. 1998; 
Southwick et al. 1995). High organic matter content and low pH has been shown to 
reduce atrazine activity on several soil types (Adams and Pritchard 1977; Blumhorst et 
al. 1990). Results demonstrate a strong relationship between atrazine activity and 
environmental conditions, which may account for the variability in red momingglory 
control observed with atrazine in sugarcane grown under Louisiana conditions.
Currently, only herbicides that inhibit photosynthesis at photosystem II are 
registered for PRE momingglory control in sugarcane. Future registration is expected 
for two protoporphyrinogen oxidase-inhibiting herbicides, sulfentrazone (V-[2,4- 
dichloro-5-[4-(difluromethyl)-4,5-dihydro-3-methyl-5-oxo-l//-1,2,4-triazol-1 - 
yl]phenyl]methanesulfonamide} and azafeniden (2-[2,4-dichloro-5-(2- 
propynyloxy)phenyl]-5,6,7,8-tetrahydro-1,2,4-triazolo [4,3 -a]pyridin-3 (2//)-one }.
Studies conducted in soybean have indicated excellent entireleaf momingglory 
(Ipomoea hederacea var. integriuscula Gray) (Vidrine et al. 1996) and pitted
2 Louisiana State University Weed Science 1995 Annual Research Report. 1996. 
Griffin, J.L., P.A. Clay, D.K. Miller, C.F. Grymes, C.B. Corkem, and D.E. Fairbanks. 
302 Life Sciences Building, Louisiana State University, Baton Rouge, LA 70803. 157
pp.
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momingglory ([Ipomoea lacunosa L.) (Niekamp et al. 1999) control with sulfentrazone. 
Other research has demonstrated differential sensitivity among momingglory species to 
certain herbicides (Abbas and Boyette 1996; Gomes et al. 1978; Mathis and Oliver 
1980; McClelland et al. 1978; Risley and Oliver 1992; Sunderland and Coble 1994). 
Research specifically evaluating red momingglory control with sulfentrazone and 
azafeniden under Louisiana conditions is lacking.
Since atrazine is under special review by the Environmental Protection Agency 
and its future is uncertain, it is imperative that alternative herbicides be evaluated. The 
objective o f this research was to evaluate sulfentrazone and azafeniden for control of 
red momingglory and sugarcane response when applied at layby in comparison with 
atrazine and other registered herbicides.
Materials and Methods 
Four experiments (exp) were conducted in commercial sugarcane fields in 
Assumption Parish in 1997 (exp 1) and 1998 (exp 3), Iberville Parish in 1997 (exp 2), 
and Pointe Coupee Parish in 1998 (exp 4). Soil characteristics for each location are 
presented in Table 3.1. The sites were chosen because of inconsistent red momingglory 
control obtained in the past with atrazine. Sugarcane cultivars included ‘LCP 85-384’ 
(exp 1 ,3 ,4 ) and ‘CP 70-321 ’ (exp 2), and the fields were in the first or second ratoon 
crop (second or third year of production).
To control cool-season annual broadleaf weeds, all experiments received a 
broadcast application of 2,4-D plus dicamba (3,6-dichloro-2-methoxybenzoic acid} at 
0.72 + 0.25 kg ae/ha in January or February. Experiments received uniform standard 
applications o f trifluralin {2,6-dinitro-.A/r/V-dipropyl-4-(trifluoromethyl)benzenamine} or
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Table 3.1. Soil properties o f  experimental sites in Assumption, Iberville, and Pointe Coupee Parishes.
Site Designation
Textural





Assumption exp 1 sandy clay loam 54 25 21 0.9 5.8
Iberville exp 2 silt loam 38 53 9 1.1 5.1
1998
Assumption exp 3 sandy clay loam 54 25 21 0.9 5.8
Pointe Coupee exp 4 loam 45 32 23 1.5 4.8
pendimethalin {iV-( 1 -ethylpropyl)-3,4-dimethy l-2,6-dinitrobenzenamine} at 2.24 kg 
ai/ha in early March. Row middles were cultivated as needed throughout the spring 
coinciding with typical commercial operations. Pendimethalin at 1.8 kg ai/ha was 
broadcast in the row middles by the grower immediately after the final (layby) 
cultivation in mid-May to control annual grasses. The experimental design was a 
randomized complete block with four replications for all experiments except exp 3, 
which had five replications.
Plots consisted o f three rows spaced 1.7 m apart with lengths o f  15 m for exp 1 
and 3, 11 m for exp 2, and 9 m for exp 4. Herbicide treatments used to evaluate red 
momingglory control were applied June 3 (exp 1) and June 4 (exp 2) in 1997, and May 
21 in 1998 (exp 3 and 4). Herbicide treatments included the registered herbicides 
atrazine (1.68 kg/ha), diuron (3.36 kg/ha), metribuzin (1.12 kg/ha), and terbacil (0.84 kg 
ai/ha). For comparison, sulfentrazone was applied at 0.14, 0.28, and 0.42 kg ai/ha and 
azafeniden was applied at 0.42, 0.56, 0.71, and 0.84 kg ai/ha. Crop oil concentrate3 at 
1% v/v was added to all herbicide treatments since a few emerged momingglories were 
present in the cotyledon to 4-leaf stage in exp 1 and 2, cotyledon to 8-leaf stage in exp 
3, and cotyledon to 10-leaf stage in exp 4. This would be expected since pendimethalin 
applied PRE provides little control of momingglories and the layby cultivation would 
not have uprooted emerged momingglories on the non-cultivated row top. Red 
momingglory density 45 DAT in nontreated plots was 4-5 plants/m2 in exp 1, 3-4 
plants/m2 in exp 2, 3-5 plants/m2 in exp 3, and 3-4 plants/m2 in exp 4. Treatments were 
applied using a C02-pressurized backpack sprayer calibrated to deliver 140 L/ha at a
3 Agridex, a blend o f  polyol fatty acid esters and polyexothylated derivatives, Helena 
Chemical Company, 6075 Poplar Avenue, Suite 500, Memphis, TN 38119.
44
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
pressure o f 190 kPa. Two nozzles with OC-04 tips4 were used to treat row middles in 
each plot. This setup provided for a broadcast application of the herbicide treatment in 
the row middle in a manner similar to commercial applications. Shut-off valves on each 
nozzle allowed only a single nozzle to be used on the outside row middle of each plot so 
that one-half of the row middle could be treated without affecting neighboring plots. To 
simulate commercial applications, nozzle height was adjusted such that spray solution 
contacted the lower 13 cm o f sugarcane plants.
Visual estimates o f weed control and crop injury were made 7, 21, and 45 
DAT. These rating intervals were selected to provide data on control of emerged 
momingglories 7 DAT and on residual activity 21 and 45 DAT. Weed control was 
compared to a nontreated control using a percentage scale o f 0 (no control) to 100 
(complete control, all plants dead or no plants present). Crop injury was based on a 
similar scale with 0 (no visual injury) to 100 (complete discoloration of leaves and 
stalks). To evaluate any long-term effect of the herbicide treatments on sugarcane 
growth, stalk population and height were determined in mid to late September for all 
experiments. For each plot, all stalks were counted and height measurements of ten 
stalks selected at random were taken from the soil to the uppermost leaf collar. Plans 
were to determine yield, but because of severe lodging, this could not be accomplished.
Data were subjected to analysis of variance and tested for experiment by 
treatment interactions. Percent red momingglory control and sugarcane injury data 
were transformed to the arcsin square root for analysis, however, nontransformed means 
are presented for clarity. Tables were constructed according to the interactions
4 Teejet Spraying Systems Company, North Avenue, Wheaton, IL 60189-7900.
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observed and means were separated using Fisher’s protected LSD test at the 0.05 
significance level.
Results and Discussion 
Red Momingglory Control. Due to treatment by experiment interactions, 
results are presented separately for each experiment. Momingglories emerged prior to 
herbicide application were completely controlled 7 DAT with all treatments in all 
experiments (data not shown), indicating excellent POST activity for the herbicides 
evaluated.
In both experiments conducted in 1997, adequate rainfall was received for 
activation o f the herbicides within two weeks after application (9.5 cm for exp 1 and 6.7 
cm for exp 2) (Table 3.2). Preemergence red momingglory control that year was at 
least 95% for all treatments 21 DAT (Table 3.3). In 1998, however, considerably less 
rainfall occurred within two weeks after treatment (0.8 cm for exp 3 and 0.3 cm for exp 
4) (Table 3.2). By three weeks after treatment in 1998, rainfall totaled 3.1 cm for exp 3 
and 4.9 cm for exp 4. For the seven-week evaluation period, total rainfall was 1.8 times 
greater in 1997 than in 1998. At 21 DAT in 1998, all treatments provided at least 90% 
control with the exception of terbacil, providing only 86 and 83% control in exp 3 and 
4, respectively (Table 3.3).
In 1997 for exp 2, control 45 DAT was at least 92% for all treatments (Table 
3.3). However, in exp 1, control with atrazine, diuron, metribuzin, and terbacil was 74 
to 83% and was less than that observed with sulfentrazone and azafeniden (at least 
94%). Because rainfall was similar for exp 1 and 2, the lower weed control observed 45
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Table 3.2. Weekly precipitation following herbicides applied underneath the sugarcane canopy at layby for 
experiments (exp) conducted in Assumption, Iberville, and Pointe Coupee Parishes3.
Weeks after treatment
Year/location
nxpenm eni - 
designation 1 2 3 4 5 6 7 Total
pm
1997
Assumption Parish exp 1 3.0 6.5 2.5 1.5 2.0 2.8 0 18.3
Iberville Parish exp 2 1.5 5.2 2.8 4.5 6.6 1.0 0 21.6
1998
Assumption Parish exp 3 0.8 0 2.3 0 2.0 0 7.0 12.1
Pointe Coupee Parish exp 4 0.3 0 4.6 5.3 0 0 0 10.2

















Table 3.3. Red momingglory control as influenced by herbicides applied underneath the sugarcane canopy at laybya.
Treatment Rate
21 DAT 45 DAT
1997 1998 1997 1998
exp 1 exp 2 exp 3 exp 4 exp 1 exp 2 exp 3 exp 4
k g  ai/ha n/7 0
Atrazine 1.68 99 100 99 99 74 96 83 71
Diuron 3.36 98 100 100 92 83 99 75 73
Metribuzin 1.12 99 100 100 98 83 96 81 60
Terbacil 0.84 96 95 86 83 76 92 41 30
Sulfentrazone 0.14 100 100 99 96 94 100 87 80
Sulfentrazone 0.28 100 100 100 100 98 100 87 84
Sulfentrazone 0.42 100 100 100 100 100 100 91 89
Azafeniden 0.42 100 100 93 91 100 100 70 69
Azafeniden 0.56 100 100 96 90 100 100 74 70
Azafeniden 0.71 100 100 100 92 100 100 77 80
Azafeniden 0.84 100 100 98 91 100 100 89 84
Nontreated 0 0 0 0 0 0 0 0
LSD (0.05) 3 2 3 7 11 3 5 6
a Experiment (exp) 1 and 3 conducted in Assumption Parish and layby herbicides applied June 3 and May 21, respectively,
Exp 2 and 4 conducted in Iberville and Pointe Coupee Parishes, respectively, and layby herbicides applied June 4 and May
21, respectively. All control ratings based on red momingglory emerging after application.
DAT for the registered herbicides in exp 1 may be attributed to soil type. The soil for 
exp 1 had higher sand content (54%) when compared with exp 2 (38% sand) (Table
3.1). The 18.3 cm o f rainfall received in exp 1 in 1997 (Table 3.2) combined with the 
light soil texture may have further reduced the residual activity of some treatments. 
These conditions have been shown to increase leaching, and thus decrease residual 
activity, o f herbicides such as atrazine (Splittstoesser and Derscheid 1962; Burnside et 
al. 1963), metribuzin (Peter and Weber 1985), and terbacil (Jensen and Kimball 1982; 
Milanova and Grigorov 1996). All rates o f sulfentrazone and azafeniden, however, 
controlled red momingglory at least 94% 45 DAT for both experiments in 1997, 
implying that the soil mobility of these herbicides may be less than for the others 
evaluated.
Reductions in red momingglory control observed 45 DAT in 1998 for all 
herbicide treatments (Table 3.3) was probably related to insufficient rainfall for 
activation within the first two weeks after application (Table 3.2). In contrast to exp 1 
and 2, where red momingglory was controlled 100% with azafeniden at all rates, 0.84 
kg/ha (exp 3) and 0.71 kg/ha (exp 4) was required to achieve at least 80% control. This 
indicates that under less than optimum soil moisture conditions red momingglory 
control with azafeniden may be rate dependent. Conversely, sulfentrazone regardless of 
rate provided at least 80% control in both experiments conducted in 1998. O f the 
currently registered herbicides, atrazine and metribuzin in exp 3 provided 83 and 81% 
control, respectively, 45 DAT. Control with atrazine in exp 3 was equal to that of 
sulfentrazone at 0.14 and 0.28 kg/ha and greater than for all rates of azafeniden except 
0.84 kg/ha. Control with metribuzin in exp 3 was inferior to all rates o f sulfentrazone
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and to azafeniden at 0.84 kg/ha. In exp 4, red momingglory control 45 DAT with all 
rates of sulfentrazone and azafeniden at 0.71 and 0.84 kg/ha were superior to that o f 
atrazine, diuron, metribuzin, and terbacil. The poorest control over all experiments 45 
DAT was observed for terbacil in exp 3 (41%) and exp 4 (30%).
Red momingglory control with atrazine 21 DAT was consistent over 
experiments (Table 3.3), but this was not the case 45 DAT. These results indicate that 
residual control with atrazine can be limited under the warm, moist soil environment o f 
South Louisiana. Studies conducted in Nebraska (Burnside et al. 1963) and in 
Wisconsin (Buchholtz 1965) have documented significant oat (Avena sativa L.) injury 
resulting from carry-over o f  atrazine applied the previous crop season. However, in 
Alabama, Buchanan and Hiltbold (1973) showed the average half-life of atrazine in soil 
was 20 d and degradation was found to be more rapid in the warmer months of April 
and May than in February and March. In Tennessee cropping systems, Gallaher and 
Mueller (1996) reported the half-life o f atrazine to be 27 d. A  two to three-fold increase 
in atrazine degradation rates for every 10C increase in temperature and a zero to 6-fold 
increase in degradation when soil moisture was increased from 0.4 to 0.8 of field 
capacity has been reported (Roeih et al. 1969). The rapid dissipation of atrazine in 
warm, moist soils o f Louisiana may explain the reduced red momingglory control 
observed with atrazine  45 DAT in the present study.
In recent years, hectarage of a new commercial variety, LCP 85-384, has 
expanded due to its excellent yield potential. For agronomic reasons, the layby 
cultivation and subsequent herbicide application has shifted from June to April/early 
May. Red momingglory control failures in sugarcane may be due to seeds germinating
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later in the season after significant degradation o f atrazine in soil has occurred. The fact 
that atrazine controlled red momingglory no more than 83% 45 DAT in three of four 
experiments further supports this contention.
It appears that much of the variability in red momingglory control among 
experiments was related to rainfall. Adequate rainfall was received for activation of 
herbicides within the first two weeks after application in 1997 but not in 1998 (Table
3.2). In 1998, sufficient rainfall for activation was not received until the third week 
after treatment for both experiments. Terbacil was most affected by these conditions as 
it performed similar to atrazine 21 and 45 DAT in 1997, but was inferior to atrazine in 
1998. Inconsistency in the performance of terbacil as affected by rainfall agrees with 
the findings o f  Millhollon (1993).
Other factors that may explain the variability in herbicide performance are soil 
organic matter and soil pH. The site used for exp 4 had the highest soil organic matter 
content (1.5%) and lowest soil pH (4.8) (Table 3.1). Past research correlated these 
factors with reduced residual activity of atrazine (Blumhorst et al. 1990) and metribuzin 
(Peter and Weber 1985). Although total rainfall for exp 3 and 4 was similar (Table 3.2), 
control with metribuzin was less than atrazine only in exp 4 (Table 3.3). This may 
indicate a greater sensitivity o f metribuzin to soil pH and organic matter when 
compared with atrazine (Peter and Weber 1985).
Unlike the registered herbicides, sulfentrazone performed very consistently, 
and with the exception o f exp 4, responses were not rate dependent (Table 3.3). It 
should be noted, however, that in exp 4 even the lowest rate o f sulfentrazone (0.14 
kg/ha) provided more effective control than atrazine. Wehtje et al. (1995) found that
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effective control o f entireleaf momingglory required higher rates o f sulfentrazone as 
clay and organic matter content o f soil increased. This, however, did not appear to be a  
significant factor in the present study. The consistent performance of sulfentrazone 
agreed with observations made by Vidrine et al. (1996). Red momingglory control with 
azafeniden was excellent and not rate responsive in 1997. In 1998, however, 0.71 to 
0.84 kg/ha azafeniden was required to achieve greater than 80% control. Results 
suggest that sulfentrazone will provide more consistent red momingglory control under 
variable environmental conditions and application rates than azafeniden, and both 
herbicides can provide more effective and consistent control than atrazine, diuron, 
metribuzin ., or terbacil.
Sugarcane Injury. Crop injury with atrazine, diuron, metribuzin, and terbacil 
consisted of general chlorosis o f lower leaves. Sulfentrazone and azafeniden caused a 
dark red discoloration of the leaf midrib extending outward towards the leaf margins. 
Height reduction was not observed for any of the herbicide treatments, therefore, injury 
data only represent percent discoloration.
In both experiments in 1997, azafeniden injury 21 DAT was 23 to 31% and 
was greater than all other treatments (Table 3.4). Injury for the remaining treatments in 
1997 did not exceed 17% in exp 1 and 11% in exp 2. In 1998 for exp 3 and 4, 
azafeniden injured sugarcane 21 DAT 12 to 26% and 31 to 41%, respectively, and was 
greater than the atrazine treatment (5%). For sulfentrazone in exp 3, only the highest 
rate (0.42 kg ai/ha) injured sugarcane more than atrazine, whereas in exp 4, injury 
exceeded atrazine for all rates ranging from 18 to 24%. In contrast to 1997, diuron 
injured sugarcane more than atrazine in 1998 resulting in 13 and 14% in experiments 3
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Table 3.4. Sugarcane injury as influenced by herbicides applied underneath the sugarcane canopy at layby3.
Treatment Rate
21 DAT 45 DAT
1997 1998 1997 1998
exp 1 exp 2 exp 3 exp 4 exp 1 exp 2 exp 3 exp 4
0/Kg alMla /U
Atrazine 1.68 9 5 5 5 0 0 0 1
Diuron 3.36 7 5 13 14 0 0 0 4
Metribuzin 1.12 7 6 5 5 0 0 0 1
Terbacil 0.84 6 7 7 8 0 0 0 5
Sulfentrazone 0.14 11 11 7 18 0 0 0 7
Sulfentrazone 0.28 17 11 6 19 0 0 0 8
Sulfentrazone 0.42 13 7 12 24 0 0 0 8
Azafeniden 0.42 27 23 15 31 4 0 0 11
Azafeniden 0.56 26 23 12 32 7 0 0 11
Azafeniden 0.71 31 24 16 41 11 0 0 12
Azafeniden 0.84 26 23 26 31 11 0 5 14
Nontreated 0 0 0 0 0 0 0 0
LSD (0.05) 5 8 3 3 3 0 5 2
a Experiment (exp) 1 and 3 conducted in Assumption Parish and layby herbicides applied June 3 and May 21, respectively.
Exp 2 and 4 conducted in Iberville and Pointe Coupee Parishes, respectively, and layby herbicides applied June 4 and May
21, respectively. Injur)' to sugarcane based on percent discoloration of foliage.
and 4, respectively. Differences in sugarcane response among treatments and 
experiments could not be clearly explained by differences in rainfall and/or soil 
characteristics.
By 45 DAT, slight herbicide injury (4 to 11%) was evident only in plots treated 
with azafeniden in exp 1 (Table 3.4). In exp 2 and 3, injury was no more than 5% for 
any treatment 45 DAT. Injury, however, was evident in exp 4 ranging from 11 to 14% 
for azafeniden and 7 to 8% for sulfentrazone. The less than optimum pH and lack o f 
rainfall for exp 4 (Tables 3.1 and 3.2) may be responsible for the extremely poor stands 
and reduced stalk height compared to the other experiments (Table 3.5), as well as the 
extended period of herbicide injury observed for all treatments (Table 3.4). Even 
though differences in sugarcane injury associated with the herbicides were observed 
early season, stalk height and population in September were not affected by the 
herbicide treatments (Table 3.5).
Results of these studies indicate that inconsistent herbicide performance is not 
limited to atrazine, but may also occur with other preemergence herbicides used in 
sugarcane. It is generally accepted that environmental conditions, such as rainfall and 
soil factors, can affect the performance of preemergence herbicides. Of the herbicides 
evaluated, sulfentrazone was minimally affected by these environmental conditions and 
application rate. At the rates needed to maximize weed control, sulfentrazone and 
azafeniden provided more consistent control than atrazine, diuron, metribuzin, or 
terbacil. Sugarcane injury with azafeniden was approximately twice that for 
sulfentrazone 21 DAT, but was transient and sugarcane growth was not negatively 
affected. Both herbicides offer promise as an alternative to atrazine in areas where red
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Table 3.5. Stalk population and height o f  sugarcane as influenced by herbicides applied underneath the sugarcane
canopy at laybya.
Stalk height Stalk population
1997 1998 1997 1998
Treatment Rate exp 1 exp 2 exp 3 exp 4 exp 1 exp 2 exp 3 exp 4
kg ai/ha
Atrazine 1.68 254 279 236 137 73,930 39,570 44,590 7,480
Diuron 3.36 259 272 236 137 77,520 36,920 49,080 5,930
Metribuzin 1.12 259 290 249 137 78,160 38,100 51,060 7,820
Terbacil 0.84 254 264 244 132 74,450 38,250 48,370 4,490
Sulfentrazone 0.14 251 282 239 132 77,140 38,930 47,090 8,570
Sulfentrazone 0.28 259 269 251 137 79,060 36,850 43,700 6,480
Sulfentrazone 0.42 254 262 246 140 76,110 34,620 47,410 8,370
Azafeniden 0.42 251 267 246 142 74,190 36,520 46,320 5,830
Azafeniden 0.56 246 272 246 147 77,270 37,530 46,960 7,480
Azafeniden 0.71 254 267 249 135 72,650 38,680 47,220 4,530
Azafeniden 0.84 246 259 246 132 78,950 36,060 49,210 5,080
Nontreated 257 267 249 142 68,810 33,800 47,350 5,280
LSD (0.05) NS ■ MOINO
a Experiments (exp) 1 and 3 conducted in Assumption Parish and layby herbicides applied June 3 and May 21, respectively.
Exp 2 and 4 conducted in Iberville and Pointe Coupee Parishes, respectively, and layby herbicides applied June 4 and May 21,
respectively.
momingglory is a  predominant weed problem, provided that the treatments are 
economically feasible.
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CHAPTER 4
SUGARCANE VARIETY RESPONSE TO AZAFENIDEN APPLIED 
PREEMERGENCE AND POSTEMERGENCE
Introduction
Sugarcane (Saccharum interspecific hybrids) is cultured as a perennial in 
Louisiana with three to five annual harvests made from a single, vegetatively 
propagated planting. The first crop following planting, called the plant cane crop, has 
been shown to have different root characteristics (Edgerton 1955) and tolerance to 
certain herbicides (Matheme and Millhollon 1973; Millhollon 1976; Millhollon 1986; 
Richard 1989) compared with ratoon crops. Because the tops of the rows are relatively 
undisturbed throughout the crop cycle, herbicides are relied upon to control weeds 
competing with the crop each year. Preemergence (PRE) herbicides are applied at three 
major timings during the crop year: after-planting (August or September), in the spring 
(March), and after the final cultivation at layby (May or June). Applications in the 
spring, although PRE to weeds, are postemergence (POST) to the crop since sugarcane 
emerges early in the spring following the winter dormant period. At layby, applications 
are semi-directed and PRE to weeds, but the lower leaves o f the sugarcane plants are 
contacted. Consequently, injury to the crop may be due to both root and foliar uptake.
Currently, registered herbicides for PRE weed control in Louisiana sugarcane 
include the photosynthetic inhibitors atrazine (6-chloro-iV-ethyl-jV’-(l-methylethyl)- 
1,3,5-triazine-2,4-diamine }, diuron {N ’-(3,4-dichloropheny 1)-JV, V-dimethylurea}, 
hexazinone { 3 -cyclohexyl-6-(dimethylamino)-1 -methyl-1,3,5-triazine-2,4(177,3//)- 
dione }, metribuzin {4-amino-6-( 1,1 -dimethylethyl)-3 -(methyIthio)-1,2,4-triazin-5(4/7)- 
one}, and terbacil {5-chloro-3-(1,1 -dimethylethyl)-6-methyl-2,4( 1 H,3H)-
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pyrimidinedione} and the mitotic inhibitors trifluralin {2,6-dinitro-AyV-dipropyl-4- 
(trifluoromethyl)benzenamine} and pendimethalin {V-( 1 -ethylpropyl)-3,4-dimethy 1- 
2,6-dinitrobenzenamine} (Anonymous 2000). Registration by the Environmental 
Protection Agency (EPA) of azafeniden (2-[2,4-dichloro-5-(2-propynyloxy)phenyl]- 
5,6,7,8-tetrahydro-l,2,4-triazolo[4,3-a]pyridin-3(2i7)-one}, a protoporphyrinogen 
oxidase inhibiting herbicide, for use in Louisiana sugarcane is pending. Due to the 
broad spectrum of broadleaf and grass weeds controlled as well as its PRE and POST 
activity, azafeniden may have a fit in weed control systems at several application 
timings during the sugarcane crop cycle. Limited research has been conducted to 
address sugarcane varietal response to azafeniden. Initial reports indicate that crop 
injury may be o f concern with azafeniden POST applications to certain varieties of 
sugarcane (Richard 1998, Viator et al. 1999).
Several studies conducted in Louisiana have documented variety-dependent 
sensitivity o f sugarcane to herbicides when applied in March/April. Richard (1989) 
observed more rapid recovery with the varieties ‘CP 70-321’ and ‘CP 74-383’ than with 
‘CP 65-357’ and ‘CP 48-103’ following hexazinone and terbacil POST. Millhollon 
(1980) reported greater sugarcane and sugar yield reduction following March/April 
hexazinone application with the varieties CP 65-357, ‘CP 48-103’ and ‘NCo 310’ than 
with other commercial varieties. Postemergence hexazinone treatments in the spring 
have resulted in greater reductions in sugar yield with the varieties CP 65-357 and ‘CP 
72-370’ in comparison to CP 70-321, CP 74-383, ‘CP 73-351’, and ‘CP 72-356’ 
(Millhollon 1986). Matheme and Millhollon (1973) reported differential tolerance 
among the varieties ‘CP 52-68’ and ‘L 60-25’ to fenac {2,3,6-trichlorobenzeneacetic
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acid} applied PRE at planting and POST in the spring. Injury to ‘CP 44-101’ and CP 
52-68 but not to NCo 310 was observed following applications of diuron in the spring 
(Millhollon and Matheme 1968). Conversely, in these same studies NCo 310 was 
injured more than other varieties with dalapon (2,2-dichloropropanoic acid} POST.
In Hawaii, researchers evaluating detoxification rates of diuron in sugarcane 
plants reported more rapid recovery from the effects o f diuron with ‘H 50-7209’ than 
with ‘H 53-263’ (Osgood et al. 1972). Other studies conducted in Hawaii documented 
differential tolerance among eight commercial varieties to several herbicides including 
2,4-D {(2,4-dichlorophenoxy)acetic acid}, monuron {Af’-(4-chlorophenyl)-iV,jV- 
dimethylurea}, and diuron (Hanson 1962). Peng et al. (1970) reported variety- 
dependent tolerance to atrazine and diuron among several commercial varieties o f 
Taiwan.
The objective o f this research was to evaluate tolerance of currently grown 
sugarcane varieties ‘LCP 85-384’, ‘HoCP 85-845’, and ‘LCP 82-089’ to weed control 
programs utilizing azafeniden applied three times during the plant cane crop and twice 
in the first ratoon crop in comparison to a standard herbicide program. Because past 
research has correlated herbicide sensitivity with age o f the crop, these studies 
evaluated azafeniden tolerance in both plant cane and first ratoon crops.
Materials and Methods
Studies were conducted at the Sugar Research Station o f the Louisiana 
Agricultural Experiment Station in St. Gabriel, LA, to evaluate sensitivity o f three 
commercial varieties to azafeniden applied at various timings to plant cane (first 
production year) and first ratoon crops. Plant cane experiments were conducted during
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the 1997-1998 (PC98) and 1998-1999 (PC99) growing seasons. First ratoon 
experiments were conducted during the 1998-99 (FR99) and 1999-2000 (FR00) 
growing seasons. The experimental design was a split-plot replicated five times with 
variety as the whole plot and herbicide program as the sub-plot in a three by seven 
factorial treatment arrangement. Sugarcane was planted September 5, 1997 at site A 
and October 6, 1998 at site B. Soil properties for each site and for experiments 
conducted over the two crop cycles are presented in Table 4.1. Stalks o f the 
commercial varieties LCP 85-384, HoCP 85-845, and LCP 82-089 were planted in an 
opened furrow, covered, and packed resulting in a soil cover of approximately 6 cm. 
Plots consisted o f two rows spaced 1.8 m apart and 12.2 m in length. Plots were 
maintained weed-free by manual hoeing as needed throughout each growing season.
The herbicide programs for the plant cane and first ratoon crops are described in 
Table 4.2. Treatments 1 through 6 are herbicide programs consisting o f azafeniden at 
one to three application timings in the plant cane crop and one or two timings in the first 
ratoon crop. Treatment 7 represents a standard herbicide program used at the various 
application timings by sugarcane growers in Louisiana. For first ratoon experiments, 
plots were maintained from the previous plant cane crop and with the exception of the 
after-planting application, treatments were continued throughout the first ratoon year. 
This was done to simulate a systems approach to weed control and to address potential 
yield loss compounded by repeated, annual implementation of herbicide programs.
Rainfall received before and after each herbicide application is presented in 
Table 4.3. After-planting treatments were applied prior to crop emergence on 
September 10, 1997 for PC98 and October 12, 1998 for PC99. After-planting
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Table 4.1. Soil properties o f  experimental sites used to evaluate plant cane (first production year) and first ratoon sugarcane 








Site A PC98a, FR99 Sandy loam 71 20
- % ---------------
9 1.1 6.6
Site B PC99, FROO Silt loam 29 59 12 1.0 5.9
a Abbreviations: PC98, 1998 plant cane experiment; PC99, 1999 plant cane experiment; FR99, 1999 first ratoon 

















Table 4.2. Herbicide programs used to evaluate LCP 85-384, HoCP 85-845, and LCP 82-089 response in 
plant cane (first production year) and first ratoon crops in 1998 through 2000.
H erbicide A pplication  A pplication
p rogram  P lan t cane crop_____________R ate tim ing__________ First ratoon crop___________ R ate tim ing
1 A zafeniden
D iuron + pendim ethalin  








D iuron + pendim ethalin  
A trazine +  pendim ethalin
kg  a i/ha
2.2+ 3.4 
1 .7 +  3.4
Spring
L ayby
2 A zafen iden
D iuron +  pendim ethalin  
A trazine + pendim ethalin
0.84 
2.2+ 3.4 




D iuron + pendim ethalin  
A trazine + pendim ethalin
2.2 + 3.4 





A Uazine + pendim ethalin
0.56 
0.56 





A trazine +  pendim ethalin
0 .56 





A trazine +  pendim ethalin
0.84 
0.56 





A trazine + pendim ethalin
0 .56 

































7 A trazine + pendim ethalin  
D iuron + pendim ethalin  
A trazine +  pendim ethalin
1 .7 +  3.4 
2 .2 +  3.4 
1 .7 +  3.4
A fter-p lan ting
Spring
L ayby
D iuron +  pendim ethalin  
A trazine + pendim ethalin
2 .2 + 3.4 



















Table 4.3. Rainfall distribution before and after herbicide applications in plant cane (first production year) and first ratoon
experiments conducted in 1998 through 2000.
WATb
Crop/timinga 1 WBTb 1 2 3 4 5 6 7 8
cm
Plant cane 1998
After-planting 2.8 0 0 3.2 0.2 1.3 0 3.8 0
Spring 4.4 0 0.9 0 0.3 0 5.7 0 0
Layby 0 0 0 2.2 0 0 2.0 0.3 2.3
First ratoon 1999
Spring 2.7 0 1.8 0 0.5 0 0 0 4.7
Layby 0 4.7 0 7.2 0 3.2 6.7 10.7 2.5
Plant cane 1999
After-planting 1.9 0 0 0 0.3 5.2 0.4 0 0.4
Spring 2.7 0 1.8 0 0.5 0 0 0 4.7
Layby 0 4.7 0 7.2 0 3.2 6.7 10.7 2.5
First ratoon 2000
Spring 0 0.6 6.2 1.3 0.9 0.1 0 0 1.4
Layby 0 0 0.4 0.6 3.0 1.9 1.0 8.5 0
a After-planting treatments applied preemergence to crop in early September. Spring treatments applied postemergence to the crop 
on a 91-cm band in March. Layby treatments broadcasted in row middles post directed to crop following the last cultivation in May.
b Abbreviations: WBT, weeks before treatment; WAT, weeks after treatment.
treatments were not made in the first ratoon experiments because sugarcane was not 
replanted, but allowed to emerge from stubble following the previous harvest in 
December. After-planting applications were made to a 90-cm band using either a CO2 
backpack sprayer (PC98) or a tractor mounted compressed air sprayer (PC99) both 
calibrated to deliver 190 L/ha. Three 11002 flat fan nozzles1 spaced 30 cm apart were 
used with the backpack sprayer to apply a band to the row top. Nozzle arrangement for 
the tractor sprayer consisted of three 11002 flat fan nozzles 46 cm apart. The outside 
nozzles were mounted on drops and adjusted to cover the 90-cm bandwidth. For plant 
cane experiments, number of emerging shoots was determined in each plot 24 and 42 d 
following after-planting applications (DAP).
Spring herbicide treatments were applied POST to sugarcane using a tractor 
mounted compressed air sprayer as described previously. For plant cane experiments, 
herbicides were applied March 23, 1998 (PC98) and March 17, 1999 (PC99).
Sugarcane height to terminal node at the time o f spring applications for PC98 was 10 to 
13 cm for LCP 85-384, 28 to 36 cm for HoCP 85-845, and 8 to 13 cm for LCP 82-089. 
For PC99, sugarcane height was 15 to 18 cm for LCP 85-384, 18 to 23 cm for HoCP 
85-845, and 13 to 15 cm for LCP 82-089. Spring applications in first ratoon 
experiments were made March 17, 1999 for the 1999 first ratoon experiment (FR99) 
and March 6, 2000 for the 2000 first ratoon experiment (FROO). Crop height at 
application of spring treatments was 10 to 18 cm for all varieties in FR99 and 20 to 23 
cm for LCP 85-384, 33 to 38 cm for HoCP 85-845, and 18 to 20 cm for LCP 82-089 in 
FROO. Coinciding with typical commercial practices, inter-row cultivations leaving an 
undisturbed 60-cm band on the row top were made two to three times throughout the
1 Teejet Spraying Systems Company, North Avenue, Wheaton, IL 60189-7900.
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months o f March and April. Visual injury ratings based on a scale o f 0 (no injury) to 
100% (complete discoloration) were made 21 and 35 d after spring applications (DAS). 
At 42 DAS, sugarcane shoot population per plot and height to terminal node o f  six 
plants were determined.
Layby applications were semi-directed as a broadcast treatment underneath the 
sugarcane canopy. Treatments were applied to plant cane experiments May 26, 1998 
and May 10, 1999. Sugarcane height to terminal node at the time o f layby applications 
for PC98 was 30 to 38 cm for LCP 85-384, 36 to 46 cm for HoCP 85-845, and 28 to 38 
cm for LCP 82-089. For PC99, crop height was 15 to 25 cm for LCP 85-384,43 to 48 
cm for HoCP 85-845, and 20 to 30 cm for LCP 82-089. For first ratoon experiments, 
layby treatments were applied May 10, 1999 (FR99) and May 15, 2000 (FR2000).
Crop height at the time of layby applications for FR99 was 28 to 36 cm for LCP 85-384, 
51 to 66 cm for HoCP 85-845, and 20 to 28 cm for LCP 82-089. For FR00, height of 
LCP 85-384 and LCP 82-089 was 13 to 20 cm, and 34 to 46 cm for HoCP 85-845. 
Herbicides were applied using either a CO? powered backpack sprayer (PC98 and 
FR00) or a tractor-mounted compressed air sprayer (PC99 and FR99) both calibrated to 
deliver 94 L/ha. With the backpack sprayer, a boom fitted with two nozzles and OC-04 
tips1 was used to treat each row middle in the plots. This setup provided for a broadcast 
application o f the herbicide treatments in the row middle in a manner similar to 
commercial applications. Shut-off valves on each nozzle allowed only a single nozzle 
to be used on the outside row middle of each plot so that one-half o f the row middle 
could be treated without affecting neighboring plots. To simulate commercial 
applications, nozzle height was adjusted such that spray solution contacted the lower 13
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I
cm of sugarcane plants. The boom on the tractor-mounted sprayer consisted o f  three 
rigid drops positioned in the center o f each row middle. Attached to the middle drop, a 
single TK-5 flood tip1 broadcasted the spray solution in the row middle separating the 
two rows o f each plot. Two drops positioned on the outside contained a single TK.-2 
flood tip1 angled inward to effectively apply a 90-cm band to the outside o f each row. 
Visual crop injury ratings were made 14 and 28 d after the layby application (DAL) as 
described previously.
In September, sugarcane stalk populations were determined by counting all 
millable stalks (stalks at least 1.2 m to the terminal node) per plot. Stalk height was 
determined by measuring height to terminal node o f  eight stalks per plot. Prior to 
harvesting, samples o f 10 randomly selected stalks from each plot were weighed to 
determine average stalk weight. Samples were then crushed and juice was extracted for 
analysis of sugar content2 using standard methodology (Chen and Chou 1993). Plots 
were harvested December 12,1998 (PC98), December 10, 1999 (PC99), October 27, 
1999 (FR99), and October 19, 2000 (FR00). All experiments with the exception of 
PC98 were harvested using a commercial single-row combine harvester3 and a dump 
wagon3 fitted with a weigh cell capable o f being tared between plots. Because the 
harvest equipment was unavailable in 1998, sugarcane yield for PC98 was estimated by 
multiplying stalk population by average stalk weight (determined from 10-stalk 
samples) for each plot. For all experiments, sugar yield was calculated by multiplying 
theoretical recoverable sugar (TRS) by gross sugarcane yield.
Sugar content o f stalks derived from theoretical recoverable sugar (TRS) expressed 
as kg sugar/1000 kg sugarcane.
3 Cameco Industries, Inc., P.O. Box 968, Thibodaux, LA, 70301.
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Data were subjected to analysis of variance with partitioning for a three (variety) 
by seven (herbicide program) factorial treatment arrangement. Injury ratings were 
transformed to the arcsine square root for data analysis and mean separation, however, 
nontransformed means are presented for clarity. Tables were constructed according to 
interactions, and mean separation was conducted using Fisher’s protected LSD test at at 
the 0.05 significance level.
Results and Discussion 
Plant Cane Study. Shoot emergence 24 and 42 DAP was not affected by PRE 
herbicide treatments, although differences due to variety were evident (Table 4.4). 
Overall, sugarcane emergence was much greater in PC98 than in PC99, an occurrence 
most likely explained by the earlier planting for PC98. Crop injury to emerging 
sugarcane due to herbicides was negligible and was evident only as an occasional shoot 
with slightly reddened margins in plots treated with azafeniden. Because injury 
symptoms were infrequent and inconsistent, no injury ratings were made following the 
after-planting treatments. As suggested by Richard (1989), little effect on shoot 
emergence from PRE herbicides applied at planting should be expected since emerging 
sugarcane depends primarily on the parent stalk for nutrients. In addition, because 
sugarcane germinates below the herbicide-treated zone, absorption o f herbicides would 
be limited.
Following the spring application in March, injury from azafeniden consisted o f a 
general reddening of foliage contacted by the spray solution. Root uptake of azafeniden 
resulted in reddening o f the midrib extending outward into leaves. Injury from diuron 
plus pendimethalin was evident as general chlorosis of foliage. At 21 DAS, varieties
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Table 4.4. Early season sugarcane shoot population and height o f  LCP 85-384, HoCP 85-845, and LCP 82-089 in 1998 
and 1999 plant cane experiments.
Shoot population Shoot heigh t
24 D A P8 42 D A P 42 D AS 42 D A S
V ariety 1998 1999 1998 1999 1998 1999 1998 1999
I J v l
LCP 85-384 55,420 bb 22 ,270  b 79,740 b 55 ,260 a 67 ,180 51,750 a 23 b 35 b
H oC P 85-845 56,400 b 23 ,250  b 97 ,740  a 41 ,660  c 64 ,470 40 ,540  b 46  a  4 1 a
LC P 82-089 76,380 a 31 ,780 a 98 ,180 a 50 ,400 b 62 ,130 39,650 b 24 b 33 c
8 A bbrev iations: D AP, days fo llow ing  after-p lan ting  application; D AS, days after spring  application .
b M eans fo r each colum n follow ed by the sam e letter (o r w ithout letters) are no t significantly  d ifferen t accord ing  to  F isher’s p rotected  LSD  test at P =  0.05.
responded the same to the herbicide programs over the two years (Table 4.5). Injury 
observed for herbicide programs 1 and 2 was no more than 12% and equal to the 
standard herbicide program (program 7), indicating that any carryover from previous 
after-planting azafeniden treatments did not further compound injury from the diuron 
plus pendimethalin standard spring treatment. Herbicide programs 3 through 6, all 
consisting o f azafeniden applications of 0.56 kg/ha in the spring, injured sugarcane 30 
to 33% and exceeded that of the standard program (13%).
By 35 DAS, recovery from the initial herbicide injury was dependent on variety 
and year (Table 4.5). In 1998, injury to LCP 85-384 was equivalent for the herbicide 
programs and was no more than 7%. For HoCP 85-845, injury was greatest for 
herbicide programs consisting of spring azafeniden applications and ranged from 16 to 
19%. Injury to LCP 82-089 35 DAS in 1998 did not exceed 9% for any of the herbicide 
programs. In 1999, however, varieties responded the same to the herbicide programs 
and injury was no more than 6%.
The delayed recovery of HoCP 85-845 from spring azafeniden applications in 
1998 may be attributed to the stage of growth at the time of application. In 1998, the 
height o f HoCP 85-845 was more than twice that of the other varieties, whereas in 
1999, the varieties were more uniform in height at time of application. It is plausible 
that the greater leaf area (and possibly a more developed root system) of HoCP 85-845 
the first year may have increased foliar and/or root absorption of azafeniden, thereby 
increasing the time needed for recovery from injury. Because all varieties were injured 
equally by azafeniden when the height at application was similar the second year 
suggests that the ability to detoxify azafeniden is not variety-dependent. Rather, for the
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Table 4.5. LCP 85-384, HoCP 85-845, and LCP 82-089 plant cane (first production year) injury in response to various 
herbicide programs evaluated in 1998 and 1999.
_____
1998 28 DAL
Herbicide 21 LCP HoCP LCP 14
program8 DASb 85-384 85-845 82-089 1999 DAL 1998 1999
%
1 10 bc 5 6 b 7 ab 5 3 c 3 c 0
2 12b 5 5 b 5 b 6 4 c 4 bc 0
3 30 a 7 16 a 9 a 5 6 c 7 abc 0
4 32 a 6 19a 9 a 6 10b 8 abc 0
5 33 a 6 16a 9 a 6 19a 13a 0
6 31 a 7 18a 9 a 6 18a 9ab 0
7 13b 6 5 b 6 b 5 3 c 3 c 0
8 See Table 4.2 for descriptions o f  herbicide programs.
b Abbreviations: DAS, days after spring application; DAL, days after layby application.
c Means for each column followed by the same letter (or without letters) are not significantly different according to Fisher’s 
protected LSD test at P = 0.05.
varieties evaluated, the duration o f azafeniden injury from POST application in the 
spring is dependent upon crop stage at the time of application. Shoot population and 
height 42 DAS were not affected by herbicide programs, although differences due to 
variety were observed (Table 4.4) and would be expected.
Following the layby application, azafeniden injury to plant cane was evident 
primarily as reddened midveins with some discoloration extending outward from the 
midvein into the leaf. The lower portion of the plants contacted with the herbicide 
solution exhibited a general reddening o f the plant tissue and in a few instances, 
reddening was observed in terminal leaves. Injury to sugarcane treated with atrazine 
plus pendimethalin consisted of general chlorosis to lower leaves. At 14 DAL, 
herbicide programs with azafeniden at layby (programs 5 and 6) (Table 4.2) injured 
plant cane 18 and 19% (Table 4.5) and the injury exceeded that o f all other programs. 
Sugarcane injury in programs consisting of the standard atrazine plus pendimethalin 
layby treatment (programs 1 through 4) was no greater than 10%. Of some importance, 
however, was the type of injury observed in herbicide programs 3 and 4. Though these 
programs did not receive azafeniden applications at layby, occasional mild symptoms of 
azafeniden injury (reddened midveins) were present 14 DAL in addition to injury 
symptoms consistent with the atrazine plus pendimethalin layby treatment. This would 
indicate that azafeniden applied in March may persist in the soil long enough to result in 
additional injury to plant cane following layby herbicide applications.
By 28 DAL, herbicide injury was evident only in 1998 (Table 4.5). Injury from 
herbicide programs 5 and 6 (Table 4.2) was 13 and 9%, respectively, and greater than 
for the standard herbicide program (3%). Injury observed for all remaining herbicide
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programs in 1998 was no greater than the standard. In 1999, injury was not evident for 
any of the herbicide programs 28 DAL. The delayed recovery o f sugarcane from 
herbicide injury in 1998 may be explained by insufficient rainfall. In 1998, only 6.8 cm 
of rain was received during the 8 wk period following the layby treatment (Table 4.3). 
This compares with 35.0 cm during the same period in 1999. These less than optimum 
growing conditions also are reflected in the reduced stalk height, sugarcane yield, and 
sugar yield in 1998 (Table 4.6). For these parameters, along with millable stalk 
population, differences were not attributed to herbicide programs in either year, but 
were attributed to differences among the varieties. In the two years o f the plant cane 
study, LCP 85-384 exceeded HoCP 85-845 and LCP 82-089 in both sugarcane (6 to 
35%) and sugar yields (11 to 52%) (Table 4.6).
First Ratoon Study. At the time o f spring applications, no injury symptoms 
resulting from carry over o f herbicides applied to the plant cane crop were observed. 
Herbicide injury observed following spring applications in the first ratoon study was the 
same as described for the plant cane study. At 21 DAS, injury resulting from spring 
herbicide applications was not variety-dependent (Table 4.7). Averaged across years, 
injury from herbicide programs 3 through 6, all consisting o f azafeniden applications in 
the spring (Table 4.2), ranged from 31 to 33% and injury was greater than for the 
standard herbicide program (8%). These observations are consistent with those 
observed for the plant cane experiments (Table 4.5). At 35 DAS in 1999, 12 to 14% 
injury was still evident in plots treated with azafeniden in the spring (programs 3 
through 6), regardless o f variety (Table 4.7). This compares with 6 to 8% injury for the 
other programs. In 2000, however, herbicide injury 35 DAS was variety-dependent.
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Table 4.6. Yield components o f  LCP 85-384, HoCP 85-845, and LCP 82-089 averaged across herbicide programs in 
plant cane (first production year) experiments conducted in 1998 and 1999°.
Stalk heightb Sugarcane yield Sugar yield
Variety 1998 1999 1998° 1999 1998° 1999
--------------- c m -----------------  plants/ha  1000 kg/ha--------   kg/ha-----------
LCP 85-384 235 ad 268 a 79,170 a 53.9 a 110.8 a 7,690 a 15,410 a
HoCP 85-845 209 b 261 b 58,000 b 40.0 b 99.7 c 5,060 b 13,020 c
LCP 82-089 205 b 258 b 59,950 b 42.4 b 104.6 b 5,760 b 13,860 b
a See Table 4.2 for description o f  herbicide programs.
b Sugarcane height and millable stalks were measured in September o f  each year. Only stalks greater than 1.2 m in 
length were considered millable stalks.
0 Sugarcane yield in 1998 was estimated by multiplying stalk density and average stalk weight for each plot. Sugar 
yield in 1998 is based on estimated sugarcane yield.
d Means for each column followed by the same letter (or without letters) are not significantly different according to 
Fishers protected LSD test at P = 0.05.
Table 4.7. LCP 85-384, HoCP 85-845, and LCP 82-089 first ratoon injury in 










82-089 14 DAL 28 DAL
0/
1 7 bc 6 b 3 b
/o
3 b 3 b 2b 2
2 6 b 8b 3 b 3 b 4 b 3 b 2
3 31 a 12 a 9 a 19 a 10 a 3b 2
4 32 a 14 a 8 a 20 a 11 a 3b 2
5 33 a 12 a 11 a 17a 10 a 10 a
6 32 a 13 a 11 a 22 a 11 a 9 a 4
7 8b 7 b 3 b 3b 3 b 2b 2
3 See Table 4.2 for specific herbicide programs.
b Abbreviations: DAS, days after spring application; DAL, days after layby 
application.
c Means for each column followed by the same letter (or without letters) are 
not significantly different according to Fisher’s protected LSD test at P =
0.05.
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Spring azafeniden applications (programs 3 through 6) resulted in 8 to 11% injury for 
LCP 85-384 and LCP 82-089 and 17 to 22% for HoCP 85-845. The standard program 
as well as herbicide programs 1 and 2, all consisting of diuron plus pendimethalin 
applications in the spring, injured the varieties 3% 35 DAS. As observed in PC98 
(Table 4.5), the variety-specific sensitivity of HoCP 85-845 to azafeniden may best be 
explained by the height of the crop at the time of application. HoCP 85-845 was 
approximately twice as tall as the other varieties at application in 2000, but the varieties 
were similar in height in 1999. The increased sensitivity of HoCP 85-845 observed 
both in PC98 and FR00, but not in PC99 and FR99, further suggests that azafeniden 
sensitivity is dependent on crop height at the time of spring applications. Though visual 
injury varied among herbicide programs and varieties in the spring, differences in shoot 
height 42 DAS were only attributed to variety (Table 4.8).
Table 4.8. Early season sugarcane shoot population and height o f LCP 85-384, HoCP 
85-845, and LCP 82-089 in 1999 and 2000 first ratoon experiments.
Shoot population Shoot height
42 DASa 42 DAS
Variety 1999 2000 1999 2000
-----------plants/ha----------   cm ------------
LCP 85-384 54,040 ab 90,560 a 32 b 17 b
HoCP 85-845 42,870 b 56,250 c 59 a 46 a
LCP 82-089 36,200c 66,400 b 24 c 16 b
a DAS, days after spring application.
b Means for each column followed by the same letter (or without letters) are not 
significantly different according to Fishers protected LSD test at P =  0.05.
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Herbicide injury symptoms following layby applications in ratoon sugarcane 
was as described in the plant cane study for both azafeniden and the standard atrazine 
plus pendimethalin treatments. Averaged across varieties, injury 14 DAL was 9 and 
10% for programs consisting o f azafeniden at layby (programs 5 and 6) and was greater 
than for the standard program (2%) (Table 4.7). Herbicide programs 1 through 4, which 
did not receive an azafeniden application at layby, injured sugarcane 2 to 3% and was 
equal to that observed for the standard herbicide program. Unlike in the plant cane 
study, azafeniden injury persisting from March applications was not evident for 
herbicide programs 3 and 4. By 28 DAL, injury to first ratoon sugarcane when 
averaged across varieties did not exceed 4% regardless o f  herbicide program.
The herbicide programs did not differ with respect to millable stalk population, 
stalk height, sugarcane yield, or sugar yield in either year o f the first ratoon study 
(Table 4.9). Differences in yield parameters were due to variety only and indicated 
again, as observed in plant cane, that LCP 85-384 produced more stalks per hectare, 
sugarcane yield, and sugar yield than HoCP 85-845 and LCP 82-089 (Table 4.9).
Results from these studies indicate that azafeniden injured sugarcane least when 
applied prior to crop emergence. For all experiments and years, azafeniden injury was 
greatest in both plant and first ratoon crops when applied POST in the spring and 
ranged from 30 to 33%. Recovery from POST azafeniden injury in the spring was 
slower for HoCP 85-845 in plant cane and first ratoon experiments only when the 
variety was considerably taller and had more foliage per plant than LCP 85-384 and 
LCP 82-089 at application. It is common for HoCP 85-845 to emerge earlier after- 
planting and again in the spring than the other varieties (B. Legendre and E.P. Richard,
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Table 4.9. Yield components o f  LCP 85-384, HoCP 85-845, and LCP 82-089 averaged across herbicide programs in 
first ratoon experiments conducted in 1999 and 2000a.
Millable stalksb Stalk height
Variety 1999 2000 1999 2000 Sugarcane Sugar
plants/ha-------------  c m ----------------  1000 kg/ha kg/ha
LCP 85-384 91,380 ac 87,320 a 262 a 205 97.0 a 11,250 a
^  HoCP 85-845
VO
68,410 b 62,230 c 250 b 202 84.2 b 9,130 b
LCP 82-089 53,750 c 67,090 b 230 c 200 79.7 c 8,590 c
a See Table 4.2 for description o f  herbicide programs.
b Millable stalks and stalk height were measured in September o f  each year. Only stalks greater than 1.2 m in length 
were considered millable stalks.
0 Means for each column followed by the same letter (or without letters) are not significantly different according to 
Fisher’s protected LSD test at P = 0.05.
personal communication). It could be speculated that injury to LCP 85-384 or LCP 82- 
089 from azafeniden would also be greater and recovery slower had the varieties been 
more advanced at application such as would be the case in late March or early April. 
Although the observed injury did not affect yield in comparison to the standard 
herbicide program regardless o f variety, caution should be exercised when applying 
azafeniden later in the spring when sugarcane is taller and has more foliage. 
Additionally, the studies described here suggest that when azafeniden is applied to plant 
cane in March at 0.56 kg/ha, injury symptoms may persist into the layby period. The 
absence o f a negative effect o f herbicide programs on first ratoon yield is significant in 
that it demonstrates that repeated applications o f azafeniden from planting through the 
first ratoon crop did not have a cumulative impact on first ratoon yields in comparison 
to the standard herbicide program for the soil types and environmental conditions in 
these studies.
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CHAPTERS 
SUMMARY
Laboratory and greenhouse studies were conducted to determine if  reported red 
momingglory (Ipomoea coccinea L.) control failures with atrazine {6-chloro-iV-ethyi- 
Ar ’-(1 -methylethyl)-1,3,5-triazine-2.4-diamine} in sugarcane (Saccharum interspecific 
hybrids) are due to triazine-resistant mutants. Following exposure to a lxlO '3 M 
atrazine solution, chlorophyll fluorescence as measured by a fluorometer increased 
significantly for the 20 suspected triazine-resistant red momingglory populations 
sampled, indicating that all plants were susceptible to atrazine at the site o f action in the 
leaves. In addition, chlorophyll fluorescence in nontreated leaf sections was not 
different among the populations sampled in fields with and without a history o f prior 
atrazine use in Louisiana and in Arkansas. In past research, triazine-resistant biotypes 
had higher native levels o f fluorescence, or fluorescence in the absence o f the herbicide, 
than susceptible biotypes reflecting differences in photosynthetic efficiency resulting 
from the binding site mutation imparting atrazine resistance. There were, however, 
slight differences in the magnitude o f fluorescence increase among the populations, 
possibly reflecting small differences in atrazine tolerance among the populations by 
mechanisms other than the altered herbicide binding protein.
A greenhouse study was conducted to verify the results obtained in the 
laboratory atrazine resistance study. All red momingglory plants treated with 
postemergence (POST) applications o f atrazine at 1.1 kg ai/ha plus 0.25% v/v non-ionic 
surfactant were controlled at least 99%, indicating that the plant populations were 
highly sensitive to atrazine regardless o f history of previous exposure.
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Results from the triazine resistance study indicate that none o f the red 
momingglory populations sampled were resistant to atrazine by target site modification, 
the mechanism known to be responsible for triazine  resistance in other weed species. 
Though atrazine-resistant red momingglory biotypes may still exist in other locations, it 
is more likely that other factors, such as environmental conditions or application timing, 
are responsible for control failures with atrazine in Louisiana sugarcane.
A field study was conducted in 1997 and 1998 to evaluate red momingglory 
control and sugarcane response with semi-directed layby applications of the currently 
registered herbicides atrazine (1.68 kg/ha), diuron {yV’-(3,4-dichlorophenyl)-A/./V- 
dimethylurea} (3.36 kg ai/ha), metribuzin {4-amino-6-(l,l-dimethylethyl)-3- 
(methylthio)-l ,2,4-triazin-5(4//)-one} (1.12 kg ai/ha), and terbacil (5-chloro-3- 
(l,ldimethylethyl)-6-methyl-2,'4(177,3i/)-pyrimidinedione} (0.84 kg ai/ha), as well as 
two prospective herbicides for red momingglory control in sugarcane, sulfentrazone {N- 
[2,4-dichloro-5-[4-(difluoromethyl)-4,5-dihydro-3-methyl-5-oxo-li7-l,2,4-triazol-l- 
yl]phenyl]methanesulfonamide) (0.14, 0.28, and 0.42 kg ai/ha) and azafeniden (2-[2,4- 
dichloro-5-(2-propynyloxy)phenyl]-5,6,7,8-tetrahydro-l,2,4-triazolo[4,3-a]pyridin- 
3(2//)-one} (0.42, 0.56, 0.71, and 0.84 kg ai/ha).
For the first two experiments in 1997, 6.7 and 9.5 cm o f rainfall was received 
within the first two weeks after herbicide application. This compares with no more than 
0.8 cm for the two experiments conducted in 1998. Postemergence control 7 days after 
treatment (DAT) was 100% for all treatments when applied with crop oil concentrate to 
red momingglories in the cotyledon to 10-leaf stage. Preemergence control 21 DAT 
was at least 83% for all treatments in all years and locations. At 45 DAT, red
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momingglory control with sulfentrazone was maximized at 0.14 kg/ha in three o f  four 
experiments, providing 87 to 100%. Control with azafeniden was more inconsistent and 
to achieve the same level of control as for sulfentrazone, 0.42 kg/ha and 0.84 kg/ha 
azafeniden was needed in 1997 and 1998, respectively. The currently registered 
herbicides atrazine, diuron, metribuzin, and terbacil controlled red momingglory no 
more than 83% 45 DAT in three of four experiments. O f these herbicides, terbacil was 
most inconsistent. In 1997, when rainfall was adequate for herbicide activation, control 
45 DAT with sulfentrazone at 0.14 kg/ha and azafeniden at 0.42 kg/ha was still greater 
than the currently registered herbicides in one experiment. Sugarcane injury 21 DAT 
was 7 to 18% for sulfentrazone at 0.14 kg/ha and 15 to 31% for azafeniden at 0.42 
kg/ha. Plant recovery was rapid and none o f the herbicide treatments evaluated reduced 
sugarcane stalk height or population in September.
Results o f these studies indicate that inconsistent herbicide performance is not 
limited to atrazine, but may also apply to other preemergence herbicides used in 
sugarcane. It is generally accepted that environmental conditions such as rainfall and 
soil factors can affect the performance of preemergence herbicides. O f the herbicides 
evaluated, sulfentrazone was minimally affected by these environmental conditions and 
application rate. At the rates needed to maximize weed control, sulfentrazone and 
azafeniden provided more consistent and effective control than atrazine, diuron, 
metribuzin, or terbacil. Sugarcane injury with azafeniden was approximately twice that 
for sulfentrazone 21 DAT, but was transient and sugarcane growth was not negatively 
affected. Both herbicides offer promise as an alternative to atrazine in areas where red
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momingglory is a predominant weed problem, provided that the treatments are 
economically feasible.
Experiments were conducted from 1997 through 2000 in Louisiana to evaluate 
response o f  three commercial sugarcane varieties to multiple applications of azafeniden 
in the plant cane (first production year) and first ratoon (second production year) crops. 
The varieties ‘LCP 85-384’, ‘HoCP 85-845’, and ‘LCP 82-089’ were exposed to 
herbicide programs consisting o f various combinations o f azafeniden preemergence 
(PRE) at 0.56 or 0.84 kg ai/ha after-planting in September/October, postemergence 
(POST) at 0.56 kg/ha in the spring (March), and semi-directed at 0.42 kg/ha after the 
final cultivation at layby in May. In the first ratoon crop, varieties were again treated 
with azafeniden at the same rates in spring and at layby. Herbicide programs were 
compared to a typical standard program consisting o f atrazine plus pendimethalin {N- 
(l-ethylpropyl)-3,4-dimethyl-2,6-dinitrobenzenamine} (1.7 + 3.4 kg ai/ha) PRE after­
planting, POST applications of diuron plus pendimethalin (2.2 + 3.4 kg ai/ha) in spring, 
and atrazine plus pendimethalin (1.7 + 3.4 kg/ha) semi-directed at layby. Crop injury 
was negligible for all herbicide treatments applied after-planting. Azafeniden injured 
sugarcane 30 to 33% when applied POST in spring, and injury was most severe for 
plant cane and first ratoon HoCP 85-845 when it was considerably taller and had more 
foliage per shoot at application compared with the other varieties. Injury from 
azafeniden following the layby applications ranged from 9 to 19% in plant cane and 
first ratoon crops. In plant cane, azafeniden injury resulting from earlier March 
applications was still evident following layby applications in May. Multiple 
applications of azafeniden during the plant cane and first ratoon years did not reduce
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stalk height, population, sugarcane yield, or sugar yield for any o f the varieties when 
compared with the standard herbicide program.
Results from the variety tolerance studies indicate that azafeniden injured 
sugarcane least when applied prior to crop emergence. For all experiments and years, 
azafeniden injury was greatest in both plant and first ratoon crops when applied POST 
in the spring and ranged from 30 to 33%. Recovery from POST azafeniden injury in 
the spring was slower for HoCP 85-845 in plant cane and first ratoon experiments only 
when the variety was considerably taller and had more foliage per plant than LCP 85- 
384 and LCP 82-089 at application. Although the observed injury did not affect yield in 
comparison to the standard herbicide program regardless of variety, caution should be 
exercised when applying azafeniden later in the spring when sugarcane is taller and has 
more foliage. Additionally, the studies described here suggest that when azafeniden is 
applied to plant cane in March at 0.56 kg/ha, injury' symptoms may persist into the 
layby period. The absence of a negative effect of herbicide programs on first ratoon 
yield is significant in that it demonstrates that injury from repeated applications of 
azafeniden from planting through the first ratoon crop did not have a cumulative affect 
on first ratoon yields in comparison to the standard herbicide program for the soil types 
and environmental conditions in these studies.
The research described in this dissertation is significant in that it provides 
researchers as well as private consultants with information critical in making informed 
recommendations for red momingglory control in sugarcane. Because atrazine-resistant 
red momingglories were not detected, more emphasis can now be concentrated on 
methods to improve the performance of atrazine in the field until herbicides such as
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sulfentrazone and azafeniden are registered for use in Louisiana sugarcane. When these 
herbicides are eventually introduced commercially, information on sugarcane variety 
response in respect to timing of application can be used to more efficiently use these 
new technologies.
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